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COMPREHENSIVE  SUBVE'Y  REPORT 
ON 

TRINITY  RIVER  AND  TRIBUTARIES,  TEXAS 
APPENDIX  I - PRO-JECT  FORMULATION 
GENERAL 

1.  PURPOSE  AND  SCOPE.-  This  appendix  is  concerned  with  formulation 
processes  used  in  connection  with  projects  investigated  and  recommended 
as  desirable  adjuncts  to  the  existing,  under  construction,  and  author- 
ized projects  in  the  Trinity  River  Basin.  It  also  presents  data  on 
allocation  of  costs  to  project  purposes  and  to  Federal  and  non-Federal 
interests . 


2.  The  first  part  of  the  project  formulation  presented  herein 
covers  the  broad  aspects  and  concepts  used,  some  of  the  more  significant 
criterion  and  design,  and  legal  constraints  specifically  applicable  to 
the  Trinity  River  Basin.  This  general  presentation  is  followed  by  the 
metbodolog>'  and  rationale  used  as  a basis  for  conclusions  as  to  the  best 
solution  to  the  individual  water  resources  problems  and  needs  such  as 
flood  control,  water  supply,  water  quality  control,  waterway  extensions, 
and  recreation  and  fish  and  wildlife.  Finally,  detailed  information  is 
presented  relative  to  individual  elements  of  the  recommended  plan  The 
addition  of  investigated  'water  resources  projects  to  the  existing 
Trinity  River  Plan  created  infinite  systems  of  units,  levels  of  accom- 
plishment, and  sizes  ol'  projects  The  basic  objective  of  the  subject 
study  has  been  to  select  the  best  combination  of  variables  that  is 
compatible  with  comprehensive  basin  planning  Conventional  design  and 
formulation  techniques  have  been  used  to  evolve  the  obtainable  combina- 
tion of  additions  and  modifications  to  the  existing  and  authorized 
system  of  projects  in  the  Trinity  River  Basin.  Stated  briefly,  tentative 
additions  to  the  existing  system  were  developed  to  solve  existing  and 
foreseeable  water  resources  problems,  demands  of  the  area  and  then 
modifications  thereof  were  tested  by  additions  or  deletions  of  meaning- 
ful increments  as  to  their  benefits,  cost,  and  accomplishment  of  economic, 
hydrologic  and  design  objectives 

3 REIATIONGHIP  TO  OTHER  APPENDIXES  - Most  of  the  physical 
Informiition  and  data  presentf'.  m this  appendix  consist  of  summations 
and  integration  of  data  and  information  taken  f .'om  other  appendixes  of 
this  report.  The  information  contained  herein  on  the  supplies  of  water 
to  be  expected  in  the  Trinity  River  Btisln  and  the  existing  and  future 
requirements  for  municlpfil  and  industrial,  quality  control,  water  trans- 
portation, agricultural  and  similar  uses  was  obtained  from  the  compre- 
hensive presentation  thereon  as  given  in  Appendix  II  on  Hydrology, 
Hitlraulic  Design  and  Water  Resources.  Information  on  the  frequency  and 
magnitude  of  floods  in  the  basin  and  presentation  of  the  operational 


problems  of  existing  reservoirs  was  secured  on  the  basis  of  detailed 
infomuition  contained  in  Appendix  II.  Hydrologic  objectives  relative 
to  reservoir  storages  and  operation  requirements  for  various  reservoir 
project  purposes  and  deai^yi  criteria  for  sizing  of  channels  and  levee 
projects  have  been  summarized  from  data  contained  in  Appendix  II.  Most 
of  the  basic  design  data  of  tentative  plans  considered  in  these  studies 
were  based  on  hydrologic  data  presented  in  Appendix  II.  Information 
used  herein  on  the  extent  of  flooding,  flood  damages,  and  flood  benefits 
accruing  to  various  schemes  of  development,  was  obtained  from  information 
presented  in  Appendix  IV  on  Flood  Control  Economics  or  from  supporting 
data  developed  in  connection  with  the  preparation  of  that  appendix. 

Water  supply  benefits  used  herein  are  based  on  information  contained  in 
a report  prepared  by  the  Department  of  Health,  Education  and  Welfare, 
Public  Health  Service,  which  is  Included  as  Exhibit  1 to  Appendix  II. 

The  demand  for  recreational  and  fish  and  wildlife  opportunities  and  the 
benefits  therefor  were  summarized  from  Information  presented  in  Appendix  V 
on  General  Recreation  and  Fish  and  Wildlife  The  prospective  waterway 
commerce  and  savings  in  transportation  costs  used  herein  were  obtained 
from  Appendix  III  on  Navigation  and  Navigation  Economics  and  from 
supporting  data  connected  with  that  appendix.  Costs  and  annual  charges 
for  various  projects  were  summarized  from  data  and  supporting  informa- 
tion used  in  connection  with  Appendix  VI  on  Cost  Estimates,  Geology, 
and  Design  Information. 

t.  FORMULATION  CONCEPTS.-  The  ultimate  aim  of  the  plan  for  the 
Trinity  River  Basin,  in  common  with  all  other  productive  activities, 
is  to  satisfy  humsin  needs  and  desires.  The  broad  principles  and 
objectives  followed  in  the  formulation  of  the  projects  recommended  herein 
are  (a)  that  the  goods  or  services  to  be  produced  by  the  recommended 
projects  have  value  only  to  the  extent  that  there  will  be  a need  and 
dermind  for  the  product,  (b)  that  the  overall  plan  considered  the  expand- 
ing needs  and  well-being  of  all  the  people  and  provided  for  a balanced 
program  with  the  least  investment  in  water  and  related  land  resources 
and  funds,  (c)  that  the  scale  of  development  is  such  as  to  provide, 
where  practicable,  the  maximum  excess  benefits  over  cost,  and  (d)  that 
the  program  of  development  be  so  devised  as  to  permit  ultimate  develop- 
ment of  the  full  natural  resources  of  the  basin  when  and  if  the  need 
arises  beyond  the  economic  time  basis  used  in  this  study.  The  first 
of  these  principles  and  objectives  required  the  appraisal  of  the  exist- 
ing and  future  water  resources  needs  and  problems  of  the  basin  and 
established  a planning  criteria  for  selection  of  projects  which  are 
capable  of  meeting  the  residual  needs  and  the  solutions  of  multiple 
water  resources  problems  in  a timely  manner.  Tlie  second  principle 
required  the  selection  of  the  most  favorable  projects. for  a balanced 
plan  after  full  consideration  of  all  alternatives  Inherent  in  this 
principle  was  the  goal  to  Insure  maximum  flexibility  and  adaptability 
of  projects  recommended  for  possible  other  uses  should  actual  conditions 
develop  in  the  future  that  would  not  be  consistent  with  the  imperfect 
techniques  now  available  to  project  conditions  that  are  expected  to 
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prevail  in  the  next  ^jO  years  or  so.  The  third  principle  required  the 
determination  of  costs  and  benefits  of  individual  projects  of  various 
dimensions,  sizes,  and  allocations  of  cost  to  the  various  project  purposes 
in  order  to  determine  the  limits,  where  practicable,  of  the  optimum 
development. 

5.  BASIC  CONSIDERATIONS  APPLICABLE  TO  THE  TRINITY  RIVER  BASIN. - 
Within  the  framework  of  the  above  recorded  formulation  concepts  there 
were  certain  physical,  legal,  and  design  objectives  that  were  adopted 

as  goals  or  constraints  to  consider  in  the  formulation  process  that  lead 
to  the  selection  of  projects  recommended  herein.  No  single  principle, 
objective,  criteria  or  constraint  is  the  sole  determinant  of  projects 
to  be  included  or  excluded  as  desireable  adjuncts  to  the  Trinity  River 
Plan.  All  these  concepts,  goals,  and  objectives  were  used  in  the 
rationale  for  selection  of  the  projects  recommended.  The  projects 
recommended  have  very  favorable  benefit  cost  ratios  and  otherwise 
promote  economic  efficiency  in  water  resources  development  even  though 
it  was  not  practicable  in  each  economic  test  to  provide  maximum  excess 
benefits  over  cost.  The  more  important  physical,  legal  and  design 
objectives  and  constraints  are  presented  below  by  project  purposes. 

6.  Flood  control. - 

a.  Protection  of  urban  areas  against  standard  project  floods 
would  be  provided  if  economically  feasible. 

b.  The  objective  for  flood  protection  to  rural  areas  was  to 
provide  protection  against  a recurrence  of  a 50-year  flood  to  the  extent 
practicable  within  reasonable  economic  efficiency. 

c.  A period  of  30  to  40  days  was  considered  desirable  for 
evacuation  of  flood  control  storage  in  existing  and  proposed  reservoir 
projects  to  provide  efficient  operation. 

d.  Full  cognizance  was  given  to  the  long  range  waterflow 
retardation  and  land  conservation  programs  of  the  Soli  Conservation 
Service  as  such  programs  related  to  hydrologic  and  economic  aspects 
of  the  affected  projects  recommended  in  this  report. 

e.  The  beneficial  effects  that  will  result  from  flood  plain 
Information  studies  authorized  by  Public  Law  86-6^5 > July  i960,  were 
taken  into  accoxint.  Recognition  was  also  given  the  beneficial  effects 
of  existing  and  proposed  flood  warning  and  flood  forecasting  programs 
of  the  United  States  Weather  Bureau. 

7.  Supplies  for  water. - 

a.  Reservoir  capacities  for  supplies  of  water  were  developed 
in  consonance  with  the  State  of  Texas'  expressed  policy  of  maximum 
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practical  devclofxnent  of  the  water  resources  of  the  individual  basins. 

b.  Demnds  for  supplies  of  water  in  the  Trinity  River  Basin 
were  met  with  supplies  from  within  the  basin,  including  ground  water. 

c.  The  planning  for  the  supply  of  water  was  in  full  agree- 
ment with  existing  water  rights  (Permit  1970)  and  priorities  of  use 
established  by  the  State  of  Texas. 

d.  Planning  for  supples  of  water  has  been  fully  coordinated 
with  the  plans  of  municipalities,  Trinity  River  Authority  and  the  Texas 
Water  Commission. 

e.  Supplies  of  water  were  developed  to  be  of  suit.able 
quality  to  meet  standards  of  purity  of  the  United  States  Public  Health 
Service . 


f The  estiimites  of  water  storage  yield  in  projects  con- 
sidered for  this  report  took  into  account  the  effect  the  existing 
and  proposed  program  of  the  Soil  Conservation  Service  would  have 
during  the  critical  dry  period. 

8.  Navigation. - 

a Waterway  channel  dimensions  and  alignment  in  the  Trinity 
River  Basin  were  made  to  be  compatible  with  the  inter-connected  inland 
waterways  system  of  the  United  States  and  to  accommodate  efficiently 
the  barge  carrier  equipment  expected  to  use  the  waterway. 

b.  The  waterway  was  so  located  in  the  basin  to  afford  water 
transportation  to  shippers  and  receivers  of  prospective  commerce  On 
the  Trinity  River  this  dictated  extension  of  the  existing  navigation 
channel  to  prospective  users  in  the  Dallas -Fort  Worth  complex.  In  so 
doing,  the  channel  would  provide  low  cost  water  transportation  to  the 
middle  basin,  thereby  enhancing  the  possibilities  of  making  it  economically 
possible  to  accelerate  development  of  natural  resources  in  the  area  and  the 
commercial  and  industrial  establishments  associated  with  such  activities 

c.  Transit  of  pleasure  craft  on  the  waterway  was  considered 

to  be  feasible  and  practical  as  a concurrent  movement  with  commercial  tc  ^s. 

9-  Recreation  and  fish  and  wildlife. - 

a In  planning  for  water  resources  developnent  in  the  basin, 
facilities  for  recreation  and  fish  and  wildlife  were  provided  to  the 
maximum  practicable  extent  for  satisfying  expected  visitor  demands. 

A framework  plan  was  developed  for  the  useful  life  of  the  projects 
recommended . 
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b.  The  proposals  of  the  Fish  and  Wildlife  Service  and  the 
Texas  Game  and  Fish  Commission  for  preservation  and  enhancement  of 
fish  and  wildlife  resources  of  the  basin  were  incorporated  in  the 
planning  where  feasible.  This  Includes  recognition  of  the  potential 
of  a wildlife  refuge  on  Tennessee  Colony  Reservoir  and  releases  of 
fresh  water  to  Galveston  Bay  when  available. 

10.  CCMPREHENSIVE  PLAN.-  Many  improvements  for  developing 
water  resources  in  the  basin  have  been  constructed  in  past  years  by 
both  Federal  and  non-Federal  Interests.  The  first  major  water 
supply  reservoir  in  the  Trinity  River  Basin  was  constructed  in  Dallas 
on  White  Rock  Creek  in  1911.  The  first  levee  improvement  district 
for  protection  of  rural  property  was  organized  in  1909- 

11.  The  comprehensive  plan  developed  for  the  Trinity  River 
Basin  Includes  the  existing,  under-construction  and  authorized 
water  improvement  facilities  within  the  basin;  a number  of  improve- 
ments which  have  been  recomsiended  in  separate  reports  but  have  not 
as  yet  been  authorized;  and  the  additional  improvements  required  to 
bring  the  overall  system  into  balance  and  satisfy  the  present  and 
future  water  and  related  land  resources  development  needs  to  the 
maximum  practicable  extent.  The  proposed  additional  improvements 
are  separated  into  categories  of  those  proposed  for  immediate 
authorization  and  construction  and  those  improvements  proposed  for 
inclusion  in  the  long-range  plan  but  not  recommended  to  be  authorized 
for  construction  at  this  time.  Pertinent  data  on  projects  that 
constitute  the  con^irehensive  plan  are  summarized  in  table  1,  followed 
by  plate  1 which  shows  the  location  of  these  projects  in  the  basin. 
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12.  PROJECTS  EXISTING,  UNDER -CONSTRUCTION,  AND  RECOMMENDED  IN 
PRIOR  REPORTS  - IMFROVIMENTG  IN  PLAN,-  The  Corps  of  Engineers 
program  in  the  basin  Includes  six  major  reservoir  projects,  of  which 
four  are  completed,  one  is  under-construction  and  one  is  authorized 
for  construction . T^ie  Corps  program  also  Includes  a shallow-draft 
navigation  project  from  the  Houston  Ship  Channel  to  Liberty,  which 
has  been  partly  constructed.  The  Soil  Conservation  Service  has  a 
program  undervay  for  land  treatment  measures  and  for  construction  of 
1,200  small  flood  detention  reservoirs  in  headwater  and  tributary 
areas  throughout  the  basin,  of  which  288  have  been  completed  with 
the  remainder  scheduled  to  be  completed  before  2020.  About  100 
reservoirs  of  all  sizes  have  been  constructed  in  the  basin  by  various 
state  and  local  government  agencies  and  private  concerns , Fifteen 

of  the  locally  constructed  reservoirs,  which  have  been  completed, 
and  three  which  are  under  construction,  have  storage  capacity  of  5 >000 
acre  feet  or  more.  The  cities  of  Dallas  and  Terrell  have  made  agree- 
ments with  the  Sabine  River  Authority  for  importing  water  from 
Lake  Tawakoni  on  the  Sabine  River,  The  City  of  Athens  has  made 
arrangements  for  importing  water  from  the  Flat  Creek  Reservoir  in  the 
Neches  River  Basin.  Imports  from  these  sources  are  included  as  part 
of  the  water  resource  yield  from  the  comprehensive  plan  and  are 
expected  to  total  172  million  gallons  per  day  in  2020  and  l80  million 
gallons  per  day  in  2070. 

13.  The  Federal  reservoirs  primarily  provide  flood  control  and 
water  conservation  storage,  although  two  provide  storage  for  navigation. 
Recreational  facilities  have  been  provided  at  all  of  the  completed 
reservoirs.  For  the  most  part,  the  non-Pederal  reservoirs  provide 
water  conservation  storage;  however,  they  are  also  used  extensively 

for  recreational  purposes . Total  storage  available  in  all  of  the 
existing,  under-construction  and  authorized  reservoirs  is  about 
7.3  million  acre-feet,  about  equally  divided  between  the  Federal  and 
non-Federal  reservoirs. 

. Because  of  urgent  problems  in  local  areas,  separate  reports 
have  been  submitted  previously  recommending  enlargement  of  the  Lavon 
Reservoir,  near  Dallas,  and  construction  of  the  Wallisville  Reservoir 
near  the  mouth  of  the  Trinity  River.  The  Lavon  enlargement  would 
provide  over  262,000  acre-feet  of  additional  storage  capacity  for 
water  conservation  and  recreational  purposes.  The  recommended 
Wallisville  Reservoir  would  serve  several  purposes,  including  prevention 
of  salinity  Intrusion  into  irrigation  water  pumped  from  the  lower  river, 
water  conservation,  navigation,  recreation  and  fish  and  wildlife 
conservation . For  water  conservation  the  reservoir  would  be  operated 
in  combination  with  the  Livingston  Reservoir  which  is  now  under 
construction . 

15.  The  existing  project  for  navigation  on  the  Trinity  River  pro- 
vides for  a 9 X 150-foot  channel  extending  from  the  Houston  Ship  Channel 


through  Galveston  and  Trinity  Bays  and  the  Trinity  River  to  Liberty, 
Texas,  a total  distance  of  about  U9  miles.  The  23-mile  reach  extend- 
ing through  the  bays  from  the  Houston  Ship  Channel  to  Anahuac  has 
been  constmcted.  The  channel  was  not  constructed  in  the  Trinity 
River  because  of  salt  water  intrusion  problems.  The  recently  sub- 
mitted report  recommending  construction  of  the  Wallisville  Reservoir 
also  recarnmends  a navigation  lock  at  the  dam  and  immediate  construc- 
tion of  the  authorized  project  channel  upstream  to  mile  33*8  to 
connect  with  a spur  channel  owned  by  the  Texas  Gulf  Salphur  Company. 

16.  Thjree  existing  and  authorized  Federal  local  flood  protec- 
tion projects  will  provide  flood  protection  to  portions  of  the 
cities  of  Port  Worth,  Richland  Hills  and  Dallas.  These  projects 
include  about  23  miles  of  improved  channels  and  about  ^5  miles  of 
levees,  which  I'orm  floodways  through  parts  of  the  cities.  Extension 
of  the  Port  Worth  Floodway  for  a distance  of  about  7 miles  on  Clear 
Fork  and  channel  improvement  and  rehabilitation  of  local  levees 
along  a 32-mile  reach  on  East  Pork  have  been  recommended  in  previously 
submitted  reports.  Figure  1 shows  the  location  of  the  existing  and 
authorized  projects  in  the  Trinity  River  Basin. 

IT.  There  are  38  active  organized  agricultural  levee  improve- 
ment districts  in  the  Trinity  River  Basin.  These  districts  have 
approximately  3^1  miles  of  levees  that  are  maintained  by  local 
interests.  The  levees  provide  various  degrees  of  protection  to 
about  181,000  acres  of  land  along  the  Trinity  River  and  tributaries. 
Prom  time  to  time  many  of  these  levees  have  been  damaged  by  major 
floods  and  have  been  restored  to  their  original  grade  and  section 
by  the  Corps  of  Engineers  under  emergency  flood  damage  repair  authority. 
Eleven  of  these  local  districts  have  levees  located  along  the  Trinity 
River  in  a 55-niile  reach  downstream  from  Dallas.  Pertinent  data  on 
these  local  protection  projects  are  given  in  table  2 and  their  loca- 
tions are  shown  on  figure  1 £ind  plate  2. 
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EXISTING  ANO  AUTHORIZED  IMPROVEMENTS 


TABIZ  2 


NOH-m)ERAL  LEVEE  DATA 


: 

: Over- 

: Approx. 

LZV7X  IMPROVEMETT  DISTRICT  : 

: Topping 

; Area 

District  ; 

Length 

: llage 

: Elat  e 

; Protected 

Ccninty 

No. 

(Miles) 

: Reference 

: (Feet) 

: (Acres) 

Dallas 

#5 

lit.  6 

Dallas 

52 

,000 

Dallas 

fl2 

0.2 

Dallas 

>>7 

59 

Dallas 

,fl 

o.f 

Dallas 

*‘5 

3,366 

Dallas 

0.0 

Dallas 

'>5 

2,0'‘T- 

Dal  las 

->?1U 

5-2 

Dallas 

It? 

2,li00 

Dallas 

16.1 

Dallas 

itP 

17,700 

Ellis 

,."3 

15.0 

Dallas 

>i7 

'',22' 

f'lllE 

"2 

16.3 

Rosser 

he 

11,  IOC’ 

faufrna;'. 

'’1 

6.8 

Rosser 

50 

7,3^0 

Henderson 

"1 

10.1 

Rosser 

io 

It, 217 

rills 

"10  ) 

It. 2 

Rosser 

lt2 

1 ,■  'lO 

Navarro 

,?3  ) 

Henderson 

"3 

28.3 

Ir  ini  dad  C: 

) lt7 

17,000 

Ma'tarJ< 

) 25 

Anderson 

;'i 

5.5 

long  lake 

52 

2,5"'3 

Anderson 

n 

6.9 

Long  lake 

lt8 

S.f'tO 

Houston 

*3 

10.0 

long  lake 

52 

5,1^0 

Houston 

"1 

6.0 

Mldva;. 

h<' 

7,380 

Houston 

#2 

10.5 

Mldwa; 

Re 

' ,62v- 

Rockvall 

n 

3.9 

Rockwall 

22 

Dallas 

12.8 

Roc!ruall 

20 

3,969 

Kaufman 

2.5 

Rockwall 

20 

663 

Kaufman 

3.0 

Roc)-.wall 

20 

876 

Kaufman 

#15 

5.2 

Crandall 

2h 

2,7'i5 

Kaufman 

;!‘13 

6. It 

Crandall 

027 

raufmsui 

f?10 

2. It 

Ciandall 

21 

l,!tOO 

Kaufman 

,’5 

6.6 

Crar;dall 

21 

2,133 

Kaufman 

!l>* 

26.0 

Rosser  ii  ) 

30 

12,130 

Crandall  ) 

22 

ruis 

r"i 

8.0 

- 

5,  "36 

Ellis 

’ll 

2.0 

- 

1,500 

Navarro 

;i‘l 

3.9 

- 

1 ,000 

Ellis 

f .0 

- 

900 

Navarro 

3.2 

- 

l,lt62 

Navarro 

#io 

lli.O 

Corsicaia 

25 

7,000 

Navarro 

“11 

5.3 

Corslcaia 

25 

3,000 

Navarro 

8.7 

Cors  1 r-aia 

25 

2,608 

Navarro 

#8 

6.5 

Corslcaia 

25 

3,100 

Kaufman 

6. It 

Maiank 

23 

3,000 

Henderson 

1.8 

Mabank 

23 

1,282 
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18.  /J)DITIONAI,  IMPROVPMENTG  RECOMMENDED  IN  THIS  REPORT.-  A 
number  of  improvements  are  recommended  for  immediate  authorization 
and  construction  to  satisfy  the  existing  and  Immediately  prospective 
needs  for  additional  flood  protection,  water  transportation  and  water 
conservation,  with  its  related  uses.  Three  multiple-purpose  reservoirs 
are  reconumended , in  addition  to  the  Roanoke  Reservoir  which  would 

be  operated  for  flood  control  only.  The  flood  control  storage  in 
Roanoke  is  to  effect  an  exchange  of  flood  control  storage  in  the 
existing  Grapevine  Reservoir  and  allow  additional  storage  in  Grapevine 
for  water  conservation  and  general  outdoor  and  fish  and  wildlife 
recreation  purposes.  The  proposed  Aubrey  Reservoir,  in  addition  to 
its  conserv’ation  storage,  would  allow  a similar  exchange  of  flood 
control  storage  and  added  conservation  storage  in  the  existing  Garza- 
Little  Elm  Reservoir.  The  other  recommended  reservoirs  are  Lakeview 
at  mile  7.2  on  Mountain  Creek,  and  Tennessee  Colony  at  mile  339-2 
on  the  Trinity  River. 

19.  A multiple -purpose  channel  improvement  from  the  Houston 
Ship  Channel  to  Fort  Worth  is  recommended  for  inclusion  in  the  com- 
prehensive plan  to  provide  for  barge  navigation  from  the  Houston  Ship 
Channel  to  Fort  Worth  and  to  provide  increased  discharge  capacity. 
Sufficient  channel  section  is  provided  to  contain  within  banks  some 
flows  resulting  from  local  runoff  downstream  from  the  reso}-voirs  and 
flood  discharge  releases  from  flood  control  storage  in  upstream 
reservoirs.  A system  of  navigation  dams  would  provide  a series  of 
slackwater  pools  between  major  main  stem  reservoirs  and  navigation 
locks  would  lift  and  lower  vessel  traffic  between  the  navigation  pools. 

20.  In  conjunction  with  the  multiple-purpose  channel  improvement, 
levee  improvements  would  be  provided  to  extend  and  connect  the  Fort 
Worth  and  Dallas  Floodways  on  the  West  Fork  and  to  extend  the  Dallas 
floodway  downstream  to  Five  Mile  Creek.  Levees  and  channel  Improvements 
would  be  made  on  the  Elm  Fork  to  provide  a floodway  extending  from  its 
mouth  upstream  to  about  Carrollton,  with  improved  channels  extending 
farther  upstream  on  Elm  Fork  to  the  Garza-Little  Elm  Reservoir  and  on 
Denton  Creek  to  Grapevine  Reservoir.  Levees  wouJd  be  provided  aiong 
the  left  bank  of  the  Trinity  River  to  provide  flood  protection  to  the 
city  of  Liberty,  Texas,  about  48  miles  above  the  river  mouth.  Channel 
rectification  would  be  provided  on  Duck  Creek  for  the  protection  of  the 
City  of  Garland. 

21.  Although  the  magnitude  of  overall  development  within  the  basin 
can  be  predicted  with  reasonable  accuracy,  it  is  not  ptissible  to  foresee 
the  exact  patterns  in  all  localities.  It  is  probable  that  future  develop- 
ments may  indicate  needs  for  local  adjustment  or  supplements  to  the 
comprehensive  plan,  which  arc  expected  to  be  possible  of  accomplishment 
with  no  loss  of  overall  efficiency,  Reservoir  sites  are  needed  to  meet 
long  term  needs  and  it  is  important  that  the  most  favorable  sites  be 
preserved  for  development  when  and  as  needed. 


1-14 


22.  Die  Bureau  of  Reclamation,  U.  3.  Department  of  the  Interior, 
has  formulated  a long-range  plan  for  transporting  water  from  the  water- 
surplus  river  basins  in  East  Texas  to  areas  of  water  deficiency  in  the 
central  and  southern  parts  of  the  state.  The  plan,  described  in 
Senate  Document  No.  5T,  83rd  Congress,  1st  Session,  in  part,  would 
provide  for  a system  of  canals,  natural  channels  and  appurtenant 
control  sturctures  to  comprise  a transporting  system  roughly 
paralleling  the  Gulf  coast.  Although  detailed  plans  have  not  been 
developed,  the  tentative,  schematic  plans  call  for  a water  holding 
reservoir  on  the  lower  Trinity  River,  probably  in  the  general 
vicinity  of  the  proposed  Capers  Ridge  Reservoir.  This  is  one  of  the 
reservoirs  recommended  in  this  report  for  inclusion  in  the  long  range 
Trinity  River  plan  to  satisfy  a portion  of  the  projected  water 
requirements  for  the  lower  basin,  but  its  authorization  is  not  recom- 
mended at  this  time. 


1-15 


FLOOD  reOBLEMS 


23.  GENERAL.-  Flooding  is  a serious  problem  in  the  Trinity  River 
Basin.  Throughout  the  basin,  the  streams  are  meandering  and  in  general 
have  small  channel  capacities  in  proportion  to  the  areas  drained. 
Consequently,  floods  are  experienced  at  frequent  intervals  throughout 
the  entire  river  system.  Peak  discharges  of  the  1957  and  1958  floods 
under  then  existing  conditions  at  various  points  in  the  basin  are 
given  in  the  tabulation  below. 


Drainage  Bankfull  Peak  Discharge 

Area  Capacity  (1000  cfs) 


Gage 

Stream 

(Sq  Ml) 

(cfs) 

1957 

1950 

Liberty 

Trinity 

17,539 

20,000 

88.1 

58.8 

Romayor 

'frlnity 

17,192 

40,000 

93-0 

58.2 

Riverside 

Trinity 

15,619 

53,000 

97.7 

66.8 

Oak wood 

Trinity 

12,912 

24,000 

91.8 

95. u 

Rosser 

'frinity 

8,162 

9,000 

56.0 

34.0 

Deu.  las 

Trinity 

6,120 

13,000 

75.3 

23.2 

Grand  Prairie 

West  Fork 

3,070 

7,000 

59.2 

9.20 

Fort  Worth 

West  Fork 

2,627 

23,000 

26.8 

7.85 

Carrollton 

Elm  Fork 

2,457 

5,000 

13-7 

7-72 

Rockwall 

East  Fork 

840 

1,300 

43.0(2) 

6.0 

Grand  Pi-airie 

Mountain  Creek 

289 

4,000 

25.4(1) 

9.80(1) 

Hichlaind 

Richland  Creek 

737 

3,000 

u4 .6 

33-4 

Corsicana 

Chambers  Creek 

971 

4,000 

23-2 

38.2 

( 1)  Est imated 

from  change  in  reservoir  contents  and 

re..eases  from 

Mountain  Creek  Reservoir 
(2)  Affected  by  major  levee  breaks 


2k.  The  flood-control  work  to  date  has  been  primau-lly  in  the  portion 
of  the  basin  upstream  from  Richland  Creek,  the  area  in  which  ore  located 
the  most  extensive  concentrations  of  urban  and  agrlcult’ural  developments 
In  ohe  Trinity  River  Basin.  These  projects  have  served  to  control  flood 
runoff  and  reduce  flood  discharges  from  an  area  on  which  the  most  damaging 
floods  of  record  in  the  basin  have  been  generated.  Major  floods  have  on 
occasion  been  generated  in  the  basin  area  below  the  confluence  of  Richland 
Creek  and  the  main  stem  of  the  Trinity  River,  but  records  show  that  the 


I 


1 

I 
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aofjjitude  of  such  floods  lias  not  been  as  great  as  those  which 
originated  upstream.  Wlien  runoff  from  the  lower  basin  is  auf^nented 
by  concurrent  runoff  from  the  upper  basin,  the  resulting  increase 
in  volume  and  duration  of  flood  flows  as  they  progress  downstream 
causes  nvijor  floods.  Existing  flood-control  wcrks  afford  a high 
degree  of  protection  to  some  areas  of  the  basin  from  damages  which 
would  result  from  the  recurrence  of  floods  equal  in  magnitude  to 
those  of  record.  The  effectiveness  of  those  works  was  demonstrated 
during  the  195?  flood  in  the  upper  reaches  of  the  basin  during  irtilch 
the  operation  of  the  existing  flood-control  projects  is  credited  j 

with  prevention  of  flood  damages  estimated  to  be  $85  million.  , ^ 

/ 

25.  In  the  Trinity  River  Basin,  there  are  about  one  and  onj^-half 
million  acres  of  land  subject  to  being  flooded,  of  which  over  JOO,OC^ 
acres  arc  situated  along  the  main  stem  and  lower  reaches  of  the 
principal  tributaries,  with  the  remainder  lying  in  the  upland  tributarj- 
area.  Approximately  85  percent  of  the  total  value  of  all  property 
subject  to  flood  damage  within  the  one  and  one*half  million  acres  of 
tlx  flood  plain  area  is  in  the  upper  basin,  with  the  largest  concen- 
tration in  the  Dallas-Fort  Worth  area.  The  flood  plain  under  study  in 
this  report  which  has  not  been  reported  on  by  separate  investigations 
comprises  about  605,000  acres  of  land,  of  wliich  about  l8,600  acres 
are  urban  or  suburban  and  the  remainder  is  either  improved  lands  or 
unimproved  grazing  lands.  The  total  value  of  physical  property  in 
this  flood  plain  is  about  32?  million  dollars  under  present  condi- 
tions of  basin  development;  however,  with  the  projected  widespread 
increase  in  population,  industrial  expansion,  and  service  facilities, 
this  value  is  expected  to  increase  to  about  1,  3-5,  and  5.'+  billion 
dollars  in  1970,  2020,  and  2070,  respectively.  The  average  annual 
damages  within  the  flood  plain,  based  on  the  condition  of  I96O 
reservoirs  and  flood  plain  development,  including  Navarro  Mills  and 
Bardwell  Reservoirs  and  previously  recommended  improvements,  amount 
to  about  $2,300,000.  It  is  anticipated,  based  on  the  widespread 
increase  in  population  and  industrial  expansion,  that  progressively, 
for  at  least  the  next  century,  many  changes  will  take  place  in  the 
flood  plain  with  respect  to  development,  changed  Land  use,  and 
urbanization.  On  the  basis  of  the  projected  development  with  the  I96O 
system  of  reservoir  projects  and  the  recurrence  of  the  hydrologic 
cycle  during  the  period  1970-2070,  the  average  annual  flood  damage 
is  estimated  to  be  about  15.^  million  dollars.  Pertinent  data  on 
area  subject  to  overflow,  value  of  property  and  crops,  flood  damages 
and  similar  information  are  summarized  in  table  3. 


d 
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PEHTlirarr  data  AREA-3UBJ5X,T  to  FUXIDIIC 


<?6  BEiSERVOIR  REGULATION  PROBLilMG  - Floods  experienced  sub- 
sequent to  the  completion  of  the  Corps  of  Engineers  reservoir  projects 
in  the  upper  Trinity  Basin  revealed  that  a serious  problem  of 
inadequate  channel  capacity  exists  on  the  Trinity  River  and  tributaries. 
The  problem  of  insufficient  channel  capacities  was  particularly 
evident  during  the  April -June  1957  flood,  when  the  Trinity  River 
Basin  experienced  heavy  rainfall  almost  daily  Recent  encroachments, 
together  with  certain  channel  deficiencies  that  previously  existed, 
have  limited  flood-control  releases  from  existing  upstream  reservoirs 
to  such  an  extent  as  to  materially  reduce  their  effectiveness  for 
providing  flood  protection. 

2J.  Channel  capacities  on  the  Trinity  River  below  Dallas  vary 
from  about  9>000  second-feet  in  the  vicinity  of  Rosser,  up  to 

53.000  second-feet  in  the  vicinity  of  Riverside,  and  then  down  to 

20.000  second-feet  in  the  vicinity  of  Liberty  Under  present  condi- 
tions of  watershed  development,  with  the  existing  reservoirs  in 
operation,  flows  at  or  above  bankfull  capacity  originating  on  the 
uncontrolled  area,  are  experienced  on  an  average  of  once  a year  at 
Rosser  and  Liberty,  and  about  every  L years  at  Riverside.  As  a result 
of  this  channel  deficiency,  flooding  is  produced  by  the  occurrence  of 
storms  over  the  uncontrolled  area  and  controlled  flood  water  releases 
must  be  significantly  reduced;  consequently,  the  effectiveness  of  the 
flood-control  storage  in  upstream  reservoirs  is  seriously  impaired. 

In  addition  to  damages  produced  directly  by  overflow  from  the  Trinity 
River,  serious  losses  in  numerous  levee  districts  are  sustained  from 
interior  flooding  attributable  to  the  inability  of  drainage  structures 
to  discharge  local  runoff  into  the  river  during  high  stages 

28.  A channel  deficiency  presently  exists  on  the  East  Fork  where 
the  capacity  is  only  500  to  1,200  second-feet,  although  under  the 
present  plan  for  Lavon  Reservoir,  regulation  is  made  to  2,000  second- 
feet  at  Crandall  However,  a channel  capacity  of  5,000  second-feet 
has  been  recommended  in  "Review  of  Reports  on  Trinity  River  and 
Tributaries,  Texas,  Covering  the  East  Fork  Watershed"  dated  November  1, 
1961.  Another  critical  area  is  on  the  Trinity  River  in  the  vicinity 

of  Rosser  where  the  existing  channel  capacity  is  only  9,000  second-feet 
Under  the  present  plan  of  regulation  for  the  upper  Trinity  River 
reservoirs,  regulation  is  to  13,000  second-feet  at  Dallas  and  this 
discharge  combined  with  the  previously  recommended  5,000  second-feet 
on  the  East  Fork  will  produce  a regulated  flow  of  l8,000  second-feet 
at  Rosser  The  recommended  Lakeview  Reservoir  would  contribute  an 
additional  4,000  second-feet,  increasing  the  regulation  at  Dallas  and 
Rosser  to  17,000  and  22,000  second-feet,  respectively  On  the  Trinity 
River  below  the  recommended  Tennessee  Colony  Reservoir  the  minimum 
bankfull  capacity  of  20,000  second-feet  is  in  the  vicinity  of  Liberty. 

29.  During  flood  periods,  releases  from  the  Corps  of  Engineers 
reservoirs  will  be  augmented  by  releases  from  local  interests  reservoirs 
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and  by  uncontrolled  releases  from  Soil  Conservation  Service  water- 
flow  retardation  structures.  Among  local  interests  reservoirs, 
the  system  of  rese2*voirs  on  the  West  Fork  above  Fort  Worth  will 
probably  make  the  largest  contribution.  During  the  1957  floods 
Ifike  Worth  spilled  for  over  two  months  with  the  daily  spills 
averaging  about  5 >000  second-feet.  Investigations  based  upon 
preliminary  data  indicate  that  the  combined  releases  from  existing 
and  proposed  Soil  Conservation  Service  waterflow  retardation  structures 
on  the  West  Fork  of  the  Trinity  River  upstream  from  Dallas  will  be 
about  2,000  second-feet  with  an  additional  contribution  of  about 

3.000  second-feet  between  Dallas  and  Rosser.  A similar  investigation 
of  the  area  below  the  recommended  Tennessee  Colony  Reservoir  indicates 
that  combined  releases  from  Soil  Conservation  Service  projects  in 
this  area  will  amount  to  about  4,000  second-feet  plus  an  additional 
spill  from  the  long-range  water  supply  reservoirs  of  about  6,000 
second-feet  for  a total  of  about  10,000  second-feet. 

30.  As  previously  set  forth,  the  present  operating  discharges  at 
Dallas  and  Rosser,  when  corrected  for  releases  from  the  recommended 
Lakeview  and  the  previously  recommended  enlarged  Lavon  Reservoirs, 
would  increase  the  regulation  at  Dallas  and  Rosser  to  17,000  and 

22.000  second-feet,  respectively.  A further  Increase  of  7,000  second- 
feet  at  Dallas  and  10,000  second-feet  at  Rosser  would  provide  for 
releases  from  other  reservoirs,  as  set  forth  above. 

31.  The  required  channel  capacities  would  then  be  24,000  and 

32.000  second-feet  at  Dallas  and  Rosser,  respectively.  A channel 
capacity  of  about  35,000  second-feet  would  be  required  below 
Tennessee  Colony  Reservoir  for  flood-control  releases  from  that 
reservoir.  The  additional  contribution  of  4,000  second-feet  from 
downstream  Soil  Conservation  Service  reservoirs,  plus  the  6,000 
second-feet  from  the  long-range  water  supply  reservoirs,  (see  paragraph 
above)  would  bring  the  total  required  channel  capacity  of  the  lower 
Trinity  River  to  45,000  second-feet. 

32.  Based  on  the  data  presented  in  paragraphs  26  through  3I, 
it  is  concluded  that  the  channel  capacities  shown  in  table  4 would 
meet  the  channel  requirements  for  reservoir  regulation.  The  exist- 
ing channel  capacities  and  the  proposed  operating  discharges  are 
also  shown  in  table  4. 

33*  Flood  routing  studies  made  for  this  report  were  based  on 
a regulation  to  only  8,000  second-feet  (existing  channel  capacity)  on 
the  Elm  Fork  at  Carrollton.  The  proposed  channel  capacity  was 
subsequently  increased  to  15,000  second-feet  with  a proposed  operating 
discharge  of  12,000  second-feet  at  Carrollton.  Since  the  operating 
discharge  of  20,000  second-feet  at  Dallas  wouud  not  be  changed,  the 
principal  effect  of  the  additional  channel  capacity  on  the  Elm  Fork 
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TABLE  h 


CHANNEL  REQUIREMENTS  FOR  RESERVOIR  REGULATION 


Reach  : 

Existing  : 
Avg . Min . : 
Bankfull  : 
Capacity  : 
(cfs)  ; 

Proposed 

Channel 

Capacity 

(cfs) 

Proposed 

Operating 

Discharge 

(cfs) 

Clear  Fork  Trinity 
West  Fork  Trinity 

8,000 

8,000 

6,000 

Ft  Worth  to  mouth  of  Elm  Fork 
Mountain  Creek 

7,000 

15,000 

12,000 

Lakeview  Dam  to  mouth 
Elm  Fork  Trinity 

k,000 

U,000 

4,000 

Denton  Creek  Grapevine  Dam  to  mouth 
Elm  Fork  Lewisville  Dam  to  Carrollton 

6,000 

7,000 

6,000 

gage 

8,000 

10,000 

8,000 

Carrollton  gage  to  mouth  of  Elm  Fork 
Trinity  River 

8,000 

15,000 

12,000  (1) 

Dallas  Gage 
East  Fork  Trinity 

13,000 

25,000 

20,000 

Forney  Damslte  to  mouth 
Trinity  River 

500-1200 

5,000 

5,000 

Rosser  Gage 
Richland  Creek 

9,000 

32,000 

25,000 

Navarro  Mills  Dam  to  mouth 
Chambers  Creek 

3,000 

3,000 

3,000 

Waxahachie  Creek  to  mouth 
Waxahachie  Creek 

U,000 

U,000 

4,000 

Bardwell  Damsite  to  mouth 
Trinity  River 

2,000 

2,000 

2,000 

Oakwood  Gage 

2k, 000 

45,000 

35,000 

Liberty  Gage 

20,000 

45 , 000 

35,000 

(l)  Operating  discharge  of  8,000  second-feet  used  in  flood- routing 
studies  for  this  report. 
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would  be  to  increase  flood  releases  from  the  reservoirs  on  the  Elm 
Fork  watershed  and  reduce  those  from  Benbrook  Reservoir  on  the 
Clear  Fork  watershed.  Such  a regulation  would  affect  only  the 
recession  side  of  the  modified  hydrographs  downstream  and  would  have 
no  effect  on  modified  peak  discharges  below  the  reservoirs.  For 
this  reason,  further  routings  are  not  considered  necessary  for 
purposes  of  this  report. 

3^.  The  time  required  for  the  evacuation  of  the  flood-control 
storage  of  the  reservoirs  in  the  recommended  plan,  based  upon  the 


proposed  operating  discharges  of  table 

U are  shown 

in  table  5 • 

TABLE  5 

TIME  REQUIRED  FOR 

EVACUATION  OF 

FLOOD -CONTROL 

STORAGE 

Reservoir 

Flood-control 
storage 
(ac . -ft . ) 

: Operating 
: discharge 
: (cfs) 

: Time  required 

: for  evacuation  of 
: flood-control 

: storage  (days) 

, Proposed  Existing 

Benbrook 

170,350  (1) 

6,000 

7 

Lakeview 

136,700 

4,000 

18 

Grapevi ne - Roanoke 
Garza-Little  Elm-Aubrey 

271,000) 

589,900) 

12,000 

Total  Elm  Fork  Watershed  860,900 

12,000 

37 

La  von  (enlarged) 

275,600 

5,000 

28 

Tennessee  Colony  2 

,iJ+J+,300 

35,000 

31 

(l)  Flood-control  storage  below  uncontrolled  notch  (elevation  710.0) 
Is  76,550  acre-feet. 


35-  CHANNEL  RBQUIRQCENTS  FOR  FLOOD  CONTROL.-  The  average  minimum 
bankfull  capacity  of  existing  channels  and  the  channel  capacities 
required  (in  conjunction  with  the  recommended  reservoirs)  to  give 
varying  degrees  of  flood  protection  to  problem  areas  on  the  Trinity 
River  and  tributaries  are  given  in  table  6. 
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TABLE  6 

CHANNEL  REQUIREMENTS  FOR  FLOOD  CONTROL 


:Average  mlnlnmm  :Channel  capacity  (l)(cfs)  required  to 
' Reach  :bankfuH capacity :provlde  protection  against  flood  of 

:of  existing  : 10-year  : 25-year  : 50-year 

: channel  (cfs)  : frequency:  frequency  : frequency 

Elm  Fork,  Lewisville 


Dam  to  Carrollton 

8,000 

8,200 

13,200 

18,100 

Denton  Creek  below 
Grapevine  Dam 

6,000 

4,600 

7,000 

9,000 

Trinity  River,  Five  Mile 
Creek  to  head  of 
Tennessee  Colony  Res. 

9,000 

36,000 

50,000 

61,000 

Trinity  River  below 
Tennessee  Colony 
damsite  (2) 

20,000 

31,500 

39,300 

43,000 

(1)  In  conjunction  with  recommended  reservoirs. 

(2)  Most  critical  area  in  vicinity  of  Liberty. 


36.  SOLUTION  TO  FK)OD  PROBLEMS.-  Preliminary  investigation  of  the 
flood  problems  in  the  Trinity  River  Basin  revesiled  the  addition  of  the 
Lokeview  and  Tennessee  Colony  Reservoirs  to  the  existing  flood  control 
system  would  not  preclude  the  need  for  additional  channel  capacities. 
With  increased  channel  capacities,  the  effectiveness  of  existing  and 
recommended  reservoirs  with  flood  control  storages  would  be  increased 
significantly.  A single -purpose  flood  control  channel  plan  was  investi- 
gated by  Increasing  channel  capacities,  where  necessary,  downstream  from 
the  existing  flood-control  reservoirs  to  the  mouth  of  the  Trinity  River 
to  satisfy  the  proposed  channel  capacities  shown  on  table  U.  Channel 
dimensions  and  design  discharges  for  selected  reaches  of  the  flood 
control  channel  are  presented  in  table  7- 
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TABLE  7 


CHANNEL  DIMENSIONS 
FLOOD  CONTROL  CHANNELS 


Channel  mile 

Above  mouth  Trinity  River 
From  : To 

Length 
(mi  les ) 

: Design  : 

: Discharge  : 

(cfs) : 

Bottom 
Width 
{ feet) 

TRINITY  RIVER 

11.9  (1) 

20.0 

8.1 

45,000 

300 

20.0 

46.0 

26.0 

45,000 

250 

46.0 

68.0 

22.0 

45,000 

150 

68.0 

89.7 

21.7 

45,000 

(2) 

89.7 

132.5 

Livingston 

Reservoir 

132.5 

136.4 

3.9 

45,000 

200 

136.4 

166.7 

30.3 

45,000 

(2) 

166.7 

167.0 

0 3 

45,000 

125 

167.0 

170.1 

3.1 

45,000 

(2) 

170.1 

184.5 

14.4 

45,000 

125 

184.5 

191.2 

6.7 

45,000 

(2) 

191.2 

205.8 

14.6 

45,000 

75 

205.8 

209.5 

3.7 

45,000 

(2) 

209.5 

210.5 

1.0 

45,000 

'>*'100 

210.5 

211.7 

1.2 

45,000 

(2) 

211.7 

212.5 

0.8 

45,000 

100 

212.5 

214.8 

2.3 

45,000 

(2) 

214.8 

215.2 

0.4 

45,000 

100 

215.2 

215.9 

0.7 

45,000 

(2) 

215.9 

238.0 

22.1 

45,000 

150 

238.0 

279.6 

Tennessee 

Colony  Reservoir 

279.8 

298.0 

18.4 

35,000 

200 

298.0 

312.0 

14.0 

32,000 

125 

312.0 

331.0 

19.0 

27,000 

125 

331.0 

Five  Mile 

Creek 

331.0 

336.8 

5.8 

27,000 

125 

336.8 

341.2 

4.4 

25,000 

125 

341.2 

Dallas  Floodway 

341.2 

348.8 

7.6 

25,000 

125 

348.8 

Mouth  of  Elm  Fork 

348.8 

351.8 

3.0 

17,000 

30 

351.8 

373.^ 

21.6 

15,000 

30 

EU<  FORK 

0 

14.3 

1^.3 

15,000 

100 

1^.3 

21.8 

7.5 

10,000 

50 

DENTON  CREFJC 

0 

1.9 

1.9 

7,000 

40 





7.0 

7,000 

(1)  Head  of  Wallisvllle  Reservoir. 

(2)  Cleared  existing  river  channel. 
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37'  PROJECT  FORMULATION  STUDIES.-  The  following  paragraphs  present 
the  sequential  steps,  procedures  and  considerations  used  in  the  formulation 
of  the  plan  of  development  for  the  Trinity  River  Basin  First,  it  was 
considered  basic  to  any  plan  of  development  that  channel  capacities 
downstream  from  flood  control  reservoirs  should  be  increased  for  more 
effective  reservoir  operation  and  to  relieve  flood  problems  along  the 
channels.  The  studies  revealed  that  the  flood  control  channel  project 
did  not  afford  sufficient  protection  to  urban  areas  and  that  the  only 
means  of  affording  these  areas  adequate  protection  was  by  the  addition 
of  levees.  Also,  the  excavated  material  from  the  channel  project  could 
be  disposed  of  in  the  construction  of  the  levees.  Therefore,  the 
addition  of  levees  to  afford  protection  from  the  standard  project  flood 
was  considered  as  the  next  phase  in  developing  the  plan.  With  the 
flood  control  channel  project  in  operation,  there  remained  considerable 
flood  damages  in  the  rural  areas  along  the  main  stem  It  was  found  that 
by  the  addition  of  flood  control  reservoirs  at  the  Lakeview  and  Tennessee 
Colony  sites,  a sufficiently  high  degree  of  protection  could  be  afforded 
to  these  areas  and  the  reservoirs  were  considered  as  the  third  phase  in 
developing  the  plan.  The  remaining  flood  problem  for  which  remedial 
measures  could  be  Justified  was  along  Duck  Creek  at  Garland,  Texas,  which 
was  considered  as  the  next  added  project  in  the  flood  control  studies. 

The  next  phase  in  developing  the  plan  was  the  consideration  of  providing 
a navigable  waterway  from  the  Houston  Ship  Channel  to  Dallas  and  Fort 
Worth.  It  was  found  that  a waterway  could  be  Justifiably  provided  and 
by  combining  it  with  the  flood  control  channel  savings  could  be  effected 
by  the  Joint  construction  Development  of  the  water  resources  for 
municipal  and  industrial  purposes  was  the  next  consideration  to  provide 
both  immediate  and  long  range  needs.  With  the  plan  developed  to  this 
extent  further  consideration  was  given  to  developing  the  recreation  and 
fish  and  wildlife  aspects  of  the  reservoirs  and  multiple -purpose  channel. 

38.  SINGLE  PURPOSE  FLOOD  CONTROL  CHANNEL.-  The  investigated  plan 
provided  for  channel  capacities  to  contain  design  discharges  at  bankfuil 
stage,  and  for  a channel  alignment  that  utilizes  all  existing  bridges 
or  bridge  locations.  The  plan  provided  for  the  modification  of  existing 
highway  and  railroad  bridges  where  necessary  in  order  to  provide  required 
clearance,  pier  protection,  and  bank  stabilization  Rights-of -way  land 
requirements  were  considered  as  was  the  relocation  of  pipe  lines  and 
other  utility  lines.  Information  concerning  the  preliminary  estimates 
of  costs  of  the  principal  features  of  the  flood  control  only  channel, 
the  annml  charges,  the  flood  control  benefits  creditable  to  the  channel, 
and  the  benefit-cost  ratios  for  selected  reaches  are  shown  below 
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Stream  and  Reach 

First 

Cost 

Annual 

Benefit- 

Annual  Cost 

Benefits  Ratio 

Elm  Fork  & Denton  Creek 

4,230,000 

Char|e 

206,600 

1,3^9,000 

6.5 

West  Fork,  Elm  Fork 
to  Fort  Worth 
Trinity  River, 

2,996,000 

222,800^ 

944,200 

2.8 

Dallas  Floodway 
Trinity  River,  Five  Mile 
Creek  to  Dallas  Floodway 

1.983.000 

3.575.000 

114, 100) 
180,000 

233,500 

1-3 

Trinity  River,  Tennessee 
Colony  to 
Five  Mile  Creek 

23,217,000 

935,200 

1,639,900 

1.8 

Trinity  River,  Livingston 
to  Tennessee  Colony 

27,952,000 

1,082,300 

1,482,800(1) 

1.4 

Trinity  River,  Wallisville 
to  Livingston 

25,176,000 

1,027,200 

1,780,400(2) 

1.7 

Total 

89,129,000 

3,768,200 

7,429,800 

2.0 

( U Includes  $99 >900  benefit  for  land  enhancement 
(2)  Includes  $230,800  benefit  for  land  enhancement 


39*  Trinity  River  Main  Stem  above  Five  Mile  Creek.-  The  single 
purpose  flood  control  channel  in  the  West  Fork  reach,  from  Fort  Worth 
to  the  existing  Dallas  Floodway,  would  have  a design  channel  capacity 
of  15,000  cubic  feet  per  second  and  would  require  a bottom  width  of 
30  feet.  With  the  channel  only  plan  the  frequency  of  flooding  would  be 
reduced  from  once  in  2.4  years  to  once  in  7.7  years  and  annual  damages 
reduced  from  $3,624,400  to  $2,680,200.  The  cost  of  increasing  the  channel 
capacity  in  the  existing  Dallas  Floodway  to  25,000  cubic  feet  per  second 
is  l.ncluded  with  the  cost  for  the  West  Fork  channel  and  results  in  a 
benefit-cost  ratio  oi‘  2.8.  The  design  channel  capacity  in  the  reach 
downstream  from  the  existing  Dallas  Floodway  to  Five  Mile  Creek  would 
vary  from  25,000  to  27,000  cubic  feet  per  second  and  would  require  a 
bottom  width  of  125  feet.  With  the  channel  only  plan  the  frequency  of 
flooding  would  be  reduced  from  once  in  2.7  years  to  once  In  5.9  to  6.6 
years  and  annual  damages  would  be  reduced  from  $1,216,500  to  $983,000 
resulting  in  a benefit-cost  ratio  of  1.3. 

40.  Trinity  River  Main  Stem  below  Five  Mile  Creek. - The  single 
purpose  flood  control  channel  alignment  in  the  8o-mlle  long  natural 
reach  of  the  Trinity  River  between  Five  Mile  Creek  and  the  recommended 
Tennessee  Colony  Reservoir  would  have  a design  channel  capacity  of 
27,000  to  35,000  cubic  feet  per  second  and  would  require  bottom  channel 
widths  of  125  to  200  feet.  In  the  upper  55-nille  reach  there  arc  eleven 
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non-Federal  levees  that  are  presently  providing  various  degrees  of  flood 
protection  to  70JJ^Ul  acres  of  agricultural  land  Frequency  for  indivi- 
dual levees  varies  from  once  in  50  years  to  once  in  100  years  Annual 
damages  of  about  $2,501,200  in  the  roach  from  Five  Mile  Creek  to  the 
head  of  Tennessee  Colony  Reservoir  would  be  reduced  to  $861,300 
with  the  channel  only  plan.  The  annual  charges  of  the  channel  through 
this  reach  wriuld  be  about  $935,200.  With  the  channel  only  plan  opera- 
tional and  with  Lakeview  Reservoir  in  the  system  of  existing  projects 
the  added  protection  to  the  leveed  area  would  be  increased  to  a 
magnitude  in  excess  of  a once  in  100-year  frequency.  Because  of  the 
relatively  high  degree  of  protection  that  would  be  afforded  to  the 
agricultural  levees  by  the  channel  only  plan  no  additional  tests  were 
made  of  the  merits  of  Increasing  flood  protection  However,  it  should 
be  recognized  in  preconstruction  planning,  if  the  recommended  plan  is 
authorized,  that  it  is  highly  probable  that  added  protection  can  be 
realized  at  nominal  cost  by  placement  of  excess  spoil  material  from 
channel  work  as  fill  to  increase  levee  heights  and  sections 

41.  Trinity  River  Main  Stem  below  Tennessee  Colony  Reservoir. - 
As  previously  presented,  the  channel  only  plan  required  for  efficient 
operation  of  existing  and  proposed  flood  control  reservoirs  would 
necessitfite  a channel  capacity  of  45,000  cubic  feet  per  second  in  the 
340-mile  natural  reach  of  the  Trinity  River  below  the  recommended 
Tennessee  Colony  Reservoir  Bankfull  capacity  in  the  156-mile  long 
natural  reach  between  the  Tennessee  Colony  Reservoir  and  the  non-Federal 
Livingston  Reservoir  varies  from  24,000  to  53^000  cubic  feet  per  second 
The  117-mile  long  natural  reach  of  the  Trinity  River  between  Livingston 
Reservoir  and  Wallisvllle  Reservoir  has  existing  capacity  varying  from 
20,000  to  53jOOO  cubic  feet  per  second.  The  frequency  of  flooding  for 
the  channel  only  plan  is  once  in  3 years  for  the  Tennessee  Colony  - 
Livingston  reach,  and  once  in  3-6  years  for  the  Livingston-Wallisvi lie 
reach.  Annual  damages  would  be  reduced  by  the  channel  only  plan  in  the 
Tennessee  Colony  Reservoir-Livingston  Reservoir  reach  from  $3,038,^00 

to  $1,655>500  and  in  the  Livingston  Reservoir  to  Wallisville  Reservoir 
reach  from  $2,447,700  to  $898,200  Enhancement  benefits  would  also 
accrue  in  these  reaches  in  the  amount  of  $99,900  and  $230,900, 
respectively.  Comparison  of  annual  charges  to  annual  benefits  for  these 
show  ratios  of  1.4  and  1.7,  respectively.  Tests  of  providing  additional 
increments  of  channel  capacity  showed  that  the  optimum  channel  project 
would  only  provide  protection  from  floods  of  4 -year  frequency  in  the 
Tennessee  Colony  Dam-Livingston  Reservoir  reach,  and  3 5-year  frequency 
in  the  reach  downstream  from  1 vingston  Reservoir,  See  figures  2 and 
3 for  results  of  these  maximlza  .ion  studies. 

42.  Residual  flood  problem. - The  single -purpose  cnannei  project 
operating  with  existing  reservoirs  and  other  local  protection  projects, 
provides  a reasonable  degree  of  flood  protection  to  areas  located  along 
the  Elm  Fork  and  Denton  Creek  immediately  below  the  Lewisville  tmd 
Grapevine  Damn.  The  Improved  channel  would  also  provide  a moderate 
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degree  of  protection  to  the  eleven  non-Federal  levee  districts  located 
along  the  reach  of  the  Trinity  between  Five  Wile  Creek  and  the  head  of 
the  recommended  Tennessee  Colony  Reservoir.  The  residual  damages 
would  be  significantly  high,  however,  along  the  Trinity  River  in  the 
urban  complex  between  the  completed  floodways  in  Fort  Worth  and  Dallas. 
The  same  conditions  prevail  for  the  urban  areas  below  the  existing 
Dallas  Floodway  and  in  the  downs treeun  reach  of  Elm  Fork  at  Dallas.  A 
higher  degree  of  protection  is  desirable  along  the  rural  flood  plain 
areas  of  the  Trinity  River  below  the  recommended  Tennessee  Colony 
Reservoir  and  additional  protection  is  also  needed  for  the  City  of 
Liberty  in  the  lower  basin.  The  magnitude  of  the  residual  flood  problem 
is  indicated  in  the  following  tabulation: 


Flood 

Residual 

Annual 

Reach 

Frequency 

(years) 

Damages 

( doll ars 

Elm  Fork 

Lewisville  Dam  to  Mouth 

i4.o  - 12.5 

541,300 

Denton  Creek-Grapevine  Dam  to 
Elm  Fork 

25.0 

4,900 

West  Fork 

Existing  Floodway  at  Fort  Worth 
to  Existing  Floodway  at  Dallas 

7.7 

2,680,200 

Trini ty 

Through  Existing  Floodway  at  Dallas  SPF 

0 

Extension  of  Existing  Dallas 
Floodway  to  Five  Mile  Creek 

5.9  - 6.6 

983,000 

Five  Mile  Creek  to  Head  of 
Tennessee  Colony  Reservoir 

4.0  - 7.4 

861,300 

Tennessee  Colony  Dam  to  Head  of 
Livingston  Reservoir 

3.0 

1,655.500 

Livingston  Dam  to  Head  of 
Wallisvllle  Reservoir 

3.6 

898,200 

' L3.  WEST  FORK  FLOODWAY.-  As  pointed  out  previously,  the  con- 
i' sldered  flood  control  only  channel  operating  with  existing  projects 

i would  not  provide  the  desired  degree  of  protection  to  the  Fort  Worth- 

; Dallas  urban  complex  located  along  a Sl-nille  reach  of  the  West  Fork. 

Studies  of  alternative  solutions  showed  that  the  most  reasonable  way 
to  provide  the  needed  flood  protection  would  be  by  the  addition  of  a 
levee  system.  On  the  basis  of  preliminary  estimates,  a project  having 
n relatively  wide  floodway  between  levees  in  combination  with  a 
relatively  narrow  channel,  was  compared  with  a project  having  a 
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narrower  fiCKidway  in  combination  with  a wider  channel.  This  study 
indicated  that  either  plan  could  be  Justified.  However,  the  maximum 
excess  of  benefits  over  costs  for  these  two  projects  would  be  realized 
from  the  plan  using  the  relatively  narrow  floodway  in  combination  with 
a relatively  wide  channel.  The  channel  capacity  required  for  efficient 
reservoir  operation  is  15,000  cubic  feet  per  second  above  Mountain  Creek 
and  17,000  cubic  feet  per  second  downstream,  and  the  floodway  Improvemen 
proposed  has  a channel  capacity  of  30,000  cubic  feet  per  second.  The 
added  features  to  the  long  Improved  channel  for  flood  control 

extending  from  the  mouth  of  the  Elm  Fork  at  the  Dallas  Floodway  upstream 
to  the  end  of  the  existing  Fort  Worth  Floodway  Include  the  enlargement 
and  realignment  or  diversion  of  about  l6.T  miles  of  tributary'  channels 
through  the  proposed  leveed  areas;  the  construction  of  a parallel  levee 
system  through  the  low  an-as  consisting  of  about  3^*0  miles  of  levee 
along  the  left  bank,  9-1  miles  of  new  levee  and  the  rehabilitation 
of  1.5  miles  of  existing  levee  on  the  right  bank  of  the  West  Fork  and 
tributary  channels.  The  floodway  along  the  West  Fork  would  be  a 
dedicated  floodway  maintained  free  of  encroachments  and  would  vary 
in  width  from  1,000  feet  to  3>000  feet  between  centerline  of  levees. 

It  would  have  sufficient  capacity  to  contain  the  standard  project 
flood  which  varies  from  about  95,000  cubic  feet  per  second  at  Fort 
Worth  to  about  160,000  cubic  feet  per  second  at  the  mouth  of  Elm  Fork. 
Incremental  cost  and  benefit  data  for  adding  the  levee  works  to  the 
single  purpose  channel  are  tabulated  below.  This  cost  includes  all 
necessary  modifications  in  the  existing  Dallas  Floodway  that  are 
necessary  for  the  proper  functioning  of  the  West  Fork  Floodway  and  are 
based  on  Lakeview  Reservoir  being  operational.  The  plan  of  improvement 
and  detailed  profiles  for  the  West  Fork  and  Tributaries  arc  shown  on 
plates  3 through  8. 

Incremental  annual  cost  $2,ll8,400 

Incremental  annual  oenefits  $2,359AOO 


Benefit-Cost  Ratio 
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44.  EXTENSION  OF  DALLAS  FLOODWAY.-  In  consideration  of  the 
urban  area  needing  flood  protection  to  the  degree  attained  by  the  exist- 
ing projects  and  the  investigated  channel  improvements,  study  was  made 
of  extending  the  existing  Dallas  Floodway  downstream  about  9*7  miles  along 
the  Trinity  River  to  the  mouth  of  Five  Mile  Creek.  The  added  flood  con- 
trol features  of  the  project  Investigated  Include  the  enlargement  and 
realignment  or  diversion  of  about  10.5  miles  of  tributary  channels  through 
the  proposed  leveed  areas;  the  construction  of  a parallel  levee  system 
througii  the  low  areas  consisting  of  about  10.2  miles  of  levee  on  the 
left  bank,  14.6  miles  of  new  levee  and  the  rehabilitation  of  0.6  mile 
of  existing  levee  on  the  right  bank  of  the  proposed  enlarged  and 
realigned  channel  of  the  main  stem  and  tributary  channels.  The  plan 
provides  for  a dedicated  floodway  maintained  free  of  encroachments.  The 
floodway  along  the  main  stem  would  have  a minimum  width  of  2,000  feet 
between  centerline  of  levees  and  have  sufficient  capacity  to  contain 
the  standard  project  flood  which  varies  from  l63,800  cubic  feet  per 
second  at  Dallas  to  17^,600  cubic  feet  per  second  in  the  lower  reach 
Just  upstream  from  the  mouth  of  Five  Mile  Creek.  Studies  showed  that  the 
cost  of  adding  levee  and  appurtenant  works  to  the  proposed  improved 
channel  works  was  Incrementally  Justified.  It  was  found  in  other  studies 
that  with  the  addition  of  a reservoir  at  the  Lakeview  site  on  Mountain 
Creek  containing  flood  control  storage  of  136,700  acre-feet,  the  design 
discharge  would  be  lowered  by  about  60,000  cubic  feet  per  second,  the 
water  surface  profile  would  be  lowered  in  the  magnitude  of  3*5  feet, 
and  thereby  Lakeview  Reservoir  would  accrue  average  annual  benefits  of 
about  $141,900  from  the  Dallas  Floodway  Extension  area.  Cost  and 
benefit  data  and  other  Information  given  in  the  following  tabulation 
are  for  adding  levees  to  the  flood  control  channel.  This  cost  is 
based  on  Lakeview  Reservoir  being  operational.  The  plan  of  Improvement 
and  uetaiied  profiles  for  the  project  are  presented  on  plates  9 
Plates  11  and  12  show  the  plan  and  profile  in  the  existing  Dallas 
Floodway . 


Item  Amount 


Annual  damages  with  proposed  channel 

and  existing  projects  $983,000 

Annual  damages  with  Dallas  Floodway 

Extension  added  0 

Incremental  annual  benefits 

($141,900  of  $983,000  to  Ivikeview)  $841,100 

Incremental  Annual  Cost  $684,400 

Benefit-Cost  Ratio  1.2 
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45.  LIBERTY  LOCAL  PROTECTION  PROJECT.-  An  area  sub.iect.  to 
floodluG  along  the  left  bank  of  the  lower  Trinity  River  In  the  vicinity 
of  Liberty  consists  of  about  50  percent  of  the  highly  urbanized  portion 
of  the  town,  oil  fields,  and  pasture  lands.  Some  floods  have  affected 
the  oil  field  production  for  as  long  a period  as  75  days.  The  degree 
of  protection  that  would  be  provided  at  Liberty  by  the  Tennessee  Colony 
Reservoir  and  channel  ranges  in  magnitude  up  to  those  occui-ring  once 
in  6o  year's.  A higher  degree  of  protection  was  considered  desirable 
because  of  the  urban  nature  of  the  area.  A levee  project  to  provide 
s*-a'ada:'d  project  flood  protection  would  consist  of  about  53>500  feet 
of  levee  and  appurtenant  works.  Incremental  costs  and  benefits  of  the 
addition  of  the  Liberty  levees  to  the  flood  control  channel  to  provide 
standard  project  flood  protection  are  $79j200  and  $151,500  respect i'/ely. 
This  cost  is  based  on  the  Tennessee  Colony  Reservoir  being  operational. 

The  benefit-cost  ratio  is  1.9*  The  plan  and  profile  of  the  proposed 
plan  of  imnrovemer.t  are  sho’rfn  on  plates  13  and  l4. 

4l.  ELM  FORK  FLOODWAY.-  As  previously  covered  in  the  channel  only 
p.,.an  presentation,  increasing  channel  capacities  downstream  from  Grapevine 
and  Lewisville  Dams  would  considerably  increase  the  effectiveness  of  the 
Elm  Fork  project  operation,  pai'ticularly  with  respect  to  the  evacuation 
of  the  flood  control  storage  space  in  these  reservoirs.  For  more 
effective  reser'/oir  operation,  it  is  proposed  to  increase  the  channel 
capacity  of  Denton  Creek  from  Grapevine  Dam  downstream  to  t.he  Elm  Fork 
to  7,000  cubic  feet  per  second,  the  Elm  Fork  from  Lewisville  Dam 
downstream  to  the  mouth  of  Denton  Creek  to  10,000  cubic  feet  per 
second  and  15,000  cubic  feet  per  second  downstream  to  its  confluence 
with  the  West  Fork.  Annual  charges  for  charuiel  improvement  work  along 
Denton  Creek  below  the  Grapevine  Reservoir  are  $3,600  and  the  annual 
damages  prevented  au*e  $6,100.  This  gives  a benefit-cost  ratio  of  1.7 
and  the  frequency  of  flooding  is  reduced  from  once  in  17  yea:'s  to  once 
in  25  year’s.  The  channel  project  along  Denton  Creek  consists  of  clearing 
the  natural  river  channel  which  increases  bankfull  capacity  from  6,000 
to  7,000  cubic  feet  per  second.  Figure  4 indicates  that  thus  project 
would  return  the  most  excess  benefits  over  costs.  The  annual  charges 
for  channel  work  along  the  Elm  Fork  from  the  Lewisville  Damsite  to  the 
mouth  is  $203,000  and  the  flood  damages  prevented  in  this  reach  total 
$1,342,900.  The  channel  requirements  used  in  this  analysis  were  estab- 
lished primarily  for  the  purpose  of  insuring  efficient  reservoir  operation. 

47.  The  flood  plain  along  the  lower  reaches  of  the  Elm  Fork,  from 
the  mouth  of  Denton  Creek  downstream,  is  developing  rapidly  and  has 
great  potential  as  an  industrial  area  partly  because  of  its  proximity  to 
Dallas,  Irving,  Farmers  Branch  and  Carrollton.  Extensive  flood  damages 
occur  along  the  lower  reaches  of  the  Elm  Fork  below  the  mouth  of  Denton 
Creek.  As  previously  pointed  out,  with  the  flood  control  capabilities 
of  the  existing  reservoirs  augmented  by  Increased  channel  capacities, 
a higher  degree  of  conti'ol  over  floods  originating  on  the  Elm  Fork 
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watershed  would  result.  However,  local  flood  protection  works  would 
still  be  required  to  provide  adequate  protection  from  the  backwater 
effects  of  major  floods  originating  on  the  West  Fork  of  the  Trinity 
River  and  from  damages  caused  by  excessive  local  flood  runoff.  Further 
investigations  of  the  reach  downstream  from  Denton  Creek  were  made  of 
the  addition  of  levees  to  protect  the  area  from  the  standard  project 
flood.  A floodway  having  a channel  with  a bottom  width  of  100  feet  and 
1,100  feet  between  centerline  of  levees  was  ccmpared  with  a floodway 
having  a channel  with  a bottom  width  of  200  feet  and  800  feet  between 
centerline  of  levees.  This  study  indicated  that  either  project  would 
be  Justified.  However,  the  maximum  excess  of  benefits  over  costs 
would  be  realized  by  using  the  1100-foot  floodway  and  100-foot 
bottom  width  channel.  The  100-foot  bottom  width  channel  would  be  of 
sufficient  size  to  contain  the  desired  channel  capacity  of  15,000 
cubic  feet  per  second.  The  major  levee  improvement  elements  added  to 
the  previously  discussed  channel  only  plan  for  reservoir  regulation 
in  the  lower  14. 3-mile  channel  of  the  Elm  Fork  include  the  construction 
of  a parallel  levee  system  through  the  low  areas  consisting  of  about 
2k. Q miles  of  levee  along  the  left  bank  and  l4.1  miles  of  new  levee 
and  the  rehabilitation  of  1.8  miles  of  existing  levee  on  the  right  bank 
of  the  proposed  enlarged  and  realigned  channel  of  the  Elm  Fork  and 
tributary  channels  between  channel  miles  2.7  and  15.2.  Tlie  floodway 
along  the  main  stem  would  be  a dedicated  floodway  maintained  free 
of  encroachments  and  would  have  a minimum  width  of  1,100  feet  between 
centerline  of  levees  and  have  sufficient  capacity  to  contain  the 
standard  project  flood  which  varies  from  58>000  cubic  feet  per  second 
at  the  Carrollton  gage  to  6l,000  cubic  feet  per  second  at  the  mouth  of 
Elm  Fork.  Cost  and  benefit  data  for  adding  levees  to  the  flood  control 
channel  are  given  in  the  following  tabulation.  The  plan  of  Improvement 
and  detailed  profiles  for  the  Elm  Fork  and  Tributaries  are  show;:  on 
plates  15  through  19 • 

Incremental  annual  charges 

Incremental  annual  benefits 

Benefit-Cost  Ratio 


$516,800 

$517,700 
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U8.  DUCK  CREEK.-  The  phenomenal  growth  of  Garland  d’lring  the 
past  decade  has  witnessed  considerable  urban  development  In  the 
watershed  of  Duck  Creek  and  also  in  its  flood  plain.  Preliminary 
investigation  of  the  flood  problem  area  along  Duck  Creek  in  the  City 
of  Garland  indicated  the  need  for  a local  flood  protection  project. 

This  stream,  with  a drainage  area  of  45  square  miles,  rises  near 
U.  S.  Highway  75  at  the  north  line  of  Dallas  County  and  flows  abo'>>- 
20  miles  in  a southeasterly  direction  through  the  City  of  Garland  to 
its  junction  with  the  East  Fork  of  the  Trinity  River.  The  Duck  Creek 
channel  has  a width  of  about  6o  feet,  a depth  of  about  15  feet,  and 
falls  about  ten  feet  per  mile  a^ong  its  entire  water  course.  Through 
the  City  of  Garland,  the  channel  has  an  average  slope  of  about  14  feet 
per  mile  and  an  estimated  discharge  capacity  of  5>700  cubic  feet  per 
second.  As  a result  of  preliminary  design,  cost  and  economic  studies 
of  a flood  control  reservoir  project  versus  a channel  enlargement 
project  to  protect  the  area  from  the  flood  of  record,  it  was  determined 
that  a channel  project  would  return  the  most  excess  benefits  over  costs. 
About  65  percent  of  the  project  ai'ea  lies  within  Garland's  city  boundaiy, 
and  the  remaining  35  percent  is  dominated  by  the  city's  growth  pattern. 
Because  of  this  accelerated  urbanization  of  the  area  with  its  attendant 
ability  to  produce  higher  rates  of  r’unoff  and  shorter  periods  of  con- 
centration, flood  hazaids  are  becoming  more  intensified.  Levees  and 
their  necessary  interior  drainage  facilities  were  not  considered 
practlcai  because  of  the  pitysic&l  limitations  Imposed  by  existing 
developments.  Deprived  of  the  feasibility  of  constructing  levees  in 
combination  with  a channel,  the  solution  to  Garland's  flood  problem 
remained  in  an  independent  channel  of  sufficient  capacity  to  provide 
■urban  protection.  Design,  cost,  and  economic  studies  determined  that 
the  channel  to  contain  standard  project  flood  discharges  would  be 
fully  justified.  The  puan  of  improvement  for  Duck  Creek  consists  of 
a channel  improvement  project  along  the  main  chfunnel  from  river  mile 
10.4  upstream  to  river  mile  17-5*  The  project  incl’udes  the  reELiigrunent 
eind  enlargement  of  6.6  miles  of  Duck  Creek  channel  including  0.6  mile 
of  concrete  gravity  wall  section,  to  provide  sufficient  within-banks 
capacity  to  contain  the  standard  project  flood  which  varies  from  about 
21,500  cubic  feet  per  second  at  the  upstream  end  near  Buckingliam  Road 
to  40,700  cubic  feet  per  second  at  the  downstream  end  near  Oates  Drive, 
and  the  modification  of  10  bridges.  The  project  cost  is  $5,024,000; 
the  annual  charges  ai-e  $l6o,4O0  and  the  annual  benefits  are  $224,400. 

The  project  has  a benefit-cost  ratio  of  1.4.  The  plan  of  improvement 
and  profiles  of  the  existing  and  improved  channel  are  shown  on  plates 
20  and  21. 
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^9-  LAKEVIEW  RESERVOIR.-  Of  primary  importance  in  the  development 
of  a plan  to  aid  In  solving  the  flood  problem  of  the  Trinity  Basin  was 
the  consideration  of  reservoirs  containing  flood  control  storage. 

Moxintaln  Creek  was  investigated  for  a reservoir  site  because  of  its 
substantial  contribution  to  flood  flows  aJLong  the  Trinity  River,  and 
more  specifically  because  of  its  possible  contribution  to  reach  the 
goal  of  providing  standard  project  flood  protection  in  the  unprotected 
urban  area  below  the  existing  Dallas  Floodway.  Mountain  Creek  was  one 
of  the  major  contributors  to  flooding  along  the  Trinity  River  in  Dallas 
and  downstream  from  Dallas  during  the  1957  flood.  The  peak  outflow  from 
Mountain  Creek  reached  37? 000  cubic  feet  per  second  on  April  26  and 
the  peak  discharge  in  Dallas  reached  49,300  cubic  feet  per  second  on 
April  27.  Although  this  was  not  the  peak  discharge  for  the  entire 
flood  period  in  Dallas,  which  was  75^300  cubic  feet  per  second  on 
May  26,  it  does  demonstrate  that  Mountain  Creek  is  a major  contributor 
to  floods  along  the  Trinity  River.  Flood  control  storage  on  Mountain 
Creek  would  have  a pronounced  effect  in  reducing  flood  damages  in  the 
Dallas  area.  Preliminary  studies  showed  that  a reservoir  in  the  lower 
reaches  of  Mo'ontain  Creek  with  capacity  to  contain  a flood  of  50-year 
frequency  would  reduce  the  standard  project  flood  in  Dallas  from  226,000 
cubic  feet  per  second  to  l63,800  cubic  feet  per  second  or  would  reduce 
the  flood  stage  about  3-8  feet  at  the  Dallas  Gage  and  3-4  feet  at 
South  Loop  12  Bridge.  Fiirther  studies  showed  that  a reservoir  on 
Mountain  Creek  would  provide  a high  degree  of  protection  in  the  urban 
con^ilex  below  the  existing  Dallas  Floodway  but  could  not  be  physically 
or  economically  developed  with  sufficient  storage  to  pi’ovide  standard 
project  flood  protection  to  the  area.  Levees  would  be  required  to  provide 
the  degree  of  flood  protection  needed  in  this  ac’ea.  The  average  annual 
benefits  from  the  leveed  Dallas  Floodway  Extension  area  that  would 
accrue  to  the  Lakeview  Reservoir  would  total  $l4l,900. 

50.  Preliminary  design,  costs  and  benefit  determinations  were  made 
for  three  single  purpose  reservoirs  covering  the  full  range  of  probable 
storage  requirements  at  the  lakeview  site.  On  the  basis  of  capacity- 
cost  and  capacity-benefit  curves,  the  maximum  excess  benefits  over 
cost  indicated  that  for  flood  control  only  the  optimum  project  should 
have  sufficient  storage  space  to  contain  a flood  of  40-year  frequency 
or  at  least  175>400  acre- feet  including  sediment  reserve.  Using  the  same 
capacity  cost  curve,  a dual  purpose  reservoir  was  investigated  and  it 
was  determined  that  the  175j400  acre-feet  of  flood  control  and  sediment 
storage  would  also  result  in  optimum  development.  However,  to  make  this 
reservoir  compatible  with  other  reservoirs  in  the  system,  it  was  con- 
sidered advisable  to  increase  the  flood  control  storage  space  to  contain 
floods  of  50-year  frequency.  Increasing  the  flood  control  storage  space 
to  182,300  acre-feet,  including  the  reserve  for  sediment,  results  in  a 
reduction  of  excess  flood  control  benefits  over  costs  by  $7,500  or  less 
than  two  percent,  which  is  insignificant  considering  the  added  degree  of 
protection  afforded.  The  flood  control  storage  space  is  more  than 
Eidequate  to  control  the  flood  of  record  on  Mountain  Creek.  The  results 
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of  the  maximization  tests  for  a dual  purpose  project  at  the  Ijakeview 
site  is  shown  in  figure  5»  Benefit  and  cost  data  relative  to  Lakeview 
Reservoir  as  the  next  added  project  to  the  flood  control  channel  and 
levees  are  shown  in  the  following  tabulation.  The  location  and  area 
of  Lakeview  Reservoir  are  shown  on  plate  22. 


Item  Cost 


Annual  charges  for  single -purpose 

flood  control  project  $527,700 

Annual  benefits  for  single -purpose 

flood  control  project  $909,200 

Benefit-Cost  Ratio  single -purpose 

flood  control  project  1.7 

Annual  charges  for  flood  control  - 

water  supply  project  $984,700 

Annual  charges  for  water  supply  only 

project  $735,900 

Flood  control  cost  incremental  to 

water  supply  $248,800 

Benefit-Cost  Ratio  3-T 


51.  TENNESSEE  COLONY  RESERVOIR.-  Since  a reasonable  degree 

of  flood  protection  could  not  be  developed  by  increasing  the  channel 
capacity  downstream  from  the  Tennessee  Colony  Damsite,  alternative 
solutions  were  Investigated.  Consideration  of  alternatives  readily 
showed  that  a reservoir  at  the  Tennessee  Colony  site  would  be  highly 
efficient  in  the  control  and  reduction  of  floods.  Numerous  reservoirs 
on  the  tributary  streams  were  also  considered.  However,  reservoir 
sites  on  the  tributary  streams  are  limited,  and  it  would  be  necessary 
to  construct  some  of  these  reservoirs  on  tributaries  far  down  the  basin 
to  obtain  protection  comparable  to  a single  main  stem  reservoir  more 
favorably  located  near  the  Fort  Worth -Dallas  complex.  A reservoir  at 
the  Tennessee  Colony  site  would  control  the  major  tributaries, 

Including  Cedar  and  Richland  Creeks.  Another  consideration  for 
selection  of  a site  in  this  area  was  dictated  by  the  urgent  need  for 
a reservoir  that  could  also  provide  storage  for  water  conservation. 

A site  in  this  area  is  strategically  located  to  produce  a high  yield 
that  could  serve  the  Fort  Worth-Dallas  complex. 

52.  With  the  general  location  of  a reservoir  thus  determined, 
further  investigation  for  a specific  site  was  made  by  the  use  of 
topographic  maps,  aerial  mosaics,  and  by  field  reconnaissance.  The 
relatively  narrow  flood  plain  in  the  vicinity  of  river  mile  339 
offered  the  best  possibility  for  a damsite  and  a reservoir  that  would 
satisfy  storage  requirements.  The  Trinity  River  Authority  had  selected 
a damsite  at  river  mile  2^0.2  which  had  multiple  crossings  of  Catfish 
Creek.  In  order  to  avoid  these  crossings,  a site  was  selected  at 
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river  mile  339-2,  known  as  the  Tennessee  Colony  site.  The  next  step 
was  to  determine  the  amount  of  storage  space  to  be  included  in  the 
reservoir.  A capacity-cost  curve  for  a dam  and  reservoir  at  this 
site,  together  with  preliminary  estimates  of  benefits,  were  used  in 
the  maximization  studies.  In  determining  the  project  dimensions,  the 
Cedar  Creek  Reservoir,  presently  under  construction,  the  Richland 
Creek  Reservoir,  for  which  an  application  for  a permit  has  been  made, 
and  Tehuacana  Creek  Reservoir  are  considered  in  place.  The  area  and 
capacity  curves  were  developed  from  the  incremental  area  between  the 
above-mentioned  sites  and  the  Tennessee  Colony  damsite.  However,  project 
cost  includes  real  estate  and  rexocation  costs  in  the  Richland  and 
Tehuacana  Creek  Reservoir  areas  that  are  below  the  Tennessee  Colony 
project  taking  line  since  these  reservoirs  6ire  not  presently  under 
construction.  Inasmuch  as  local  interests  will  require  a portion  of  the 
Tennessee  Colony  Reservoir  lands  for  the  Richland  and  Tehuacana  Creek 
reservoirs,  it  is  considered  in  the  best  interests  of  the  Government 
and  local  interests  for  local  interests  to  acquire  the  land  and  grant 
the  Government  a flowage  easement.  It  is  proposed  to  negotiate  with 
local  interests  during  the  preconstruction  planning  stage  of  the 
Tennessee  Colony  Reservoir  project  and  reach  an  agreement  of  this 
nature.  Also  included  in  the  project  cost  is  an  item  for  the  downstream 
slope  protection  of  Richland  Creek,  Cedar  Creek  and  Tehuacana  Dams. 

On  the  basis  of  these  data,  it  was  found  that  the  greatest  excess  of 
benefits  over  costs  would  be  attained  by  a reservoir  having  sufficient 
capacity  to  contain  a flood  of  about  50-year  frequency  of  about  2,lii-4,300 
acre-feet.  The  results  of  the  maximization  studies  for  the  Tennessee 
Colony  Reservoir  is  shown  in  figure  6.  A single  purpose  flood  control 
project  at  the  Tennessee  Colony  site  comparable  in  design  and  cost 
detail  to  the  recommended  multiple  purpose  Tennessee  Colony  Reservoir 
would  cost  in  the  magnitude  of  $56,380,000.  The  incremental  annual 
charges  of  adding  a flood  control  only  reservoir  project  at  the 
Tennessee  Colony  site  to  the  flood  control  channel  and  levee  projects 
would  be  $1,969,800.  The  incremental  benefits  would  be  $2,268,100  and 
the  benefit-cost  ratio  would  be  1.1.  The  location  and  area  of  the 
proposed  reservoir  are  shown  on  plate  23. 

53-  OTHER  FLOOD  PROBLEM  AREAS.-  The  study  of  the  flood  problems 
in  the  basin  revealed  that  in  addition  to  the  areas  discussed  above, 
there  are  other  areas  with  flood  problems.  The  U.  S.  Soil  Conservation 
Service  has  developed  a channel  project  along  Town  Branch  in  Madisonville 
to  relieve  the  flood  problem  in  that  ai’ea.  The  minor  tributaries  along 
tiie  east  bank  of  the  Elm  Fork  in  the  vicinity  of  Carrollton  and  Farmers 
Branch  have  created  some  flood  problems  along  their  flood  plains.  In 
the  area  along  the  downstream  reaches  of  these  tributaries,  flood 
problems  would  be  eliminated  by  the  floodway  plan  of  improvement  along 
the  Elm  Fork  as  previously  discussed.  The  remaining  flood  damages 
along  the  upstream  reaches  of  these  streams  are  relatively  small. 

Should  the  economic  development  occur  In  a pattern  considerably 
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different  from  that  now  expected,  projects  In  these  areas  may  become 
Justifiable  in  the  future  and  co\ild  be  added  to  the  basin  plan  of 
development , 

5^.  The  Richland  Creek  and  Chambers  Creek  watersheds  have 
experienced  damage  from  past  floods.  The  authorized  Bardwell 
Reservoir  on  Waxahachie  Creek,  a Chambers  Creek  tributaiy,  and  the 
Navarro  Mills  Reservoir,  presently  under  construction  on  Richland 
Creek,  were  designed  to  reduce  these  damages.  The  Soil  Conservation 
Service  has  initiated  a floodvater  retardation  program  through  land 
treatment  measures,  floodwater  retarding  structures,  and  stream 
channel  improvements.  This  program  included  153  flood-water  retard- 
ing structures  and  65 -5  miles  of  channel  Improvement  for  the  Richland 
Creek  watershed,  and  I38  structirres  and  78.5  miles  of  channel  for  the 
Chambers  Creek  watershed.  Data  as  of  January  1,  I96I  indicated  that 
16  flood-water  structures  have  been  completed  in  the  Richland  Creek 
watershed,  and  6j  structures  and  11  miles  of  channel  improvement 
completed  in  the  Chambers  watershed.  With  these  planned  and  com- 
pleted improvements,  residual  damages,  while  serious  to  individuals, 
are  relatively  minor  collectively  when  used  as  a basis  for  comparison 
of  costs  and  benefits. 

55-  The  plan  of  improvement,  of  which  local  flood  protection 
is  a part,  on  the  &ist  Fork  has  been  formulated  in  the  interim 
report  entitled  East  Fork  Watershed.  In  response  to  a resolution  by 
the  Committee  on  Rivers  and  Harbors  of  the  House  of  Representatives, 
adopted  November  30 j 19^5 > an  investigation  was  made  of  the  Elm  Fork 
above  the  Garza-Little  Elm  Reservoir  to  ascertain  the  extent  of 
existing  flood  problems.  It  was  found  that  there  were  insxofficient 
benefits  to  Justify  a project  in  this  area  at  the  present  time. 

56.  ALTERNATIVE  SOLUTIONG  CONSIDERED.-  To  meet  the  existing 
and  potential  water  needs  in  the  Trinity  River  Basin  it  was  necessary 
to  analyze  the  physical  possibilities  for  improvement  or  development 
of  the  water  resources  of  the  basin.  Preliminary  studies  were  made 
of  various  local  protection  projects  consisting  of  channel  improve- 
ments only  and  channel  improvements  with  levees . Various  plans  were 
Investigated  in  the  development  of  single-purpose  waterway  projects 
to  the  Dallas-Fort  Worth  area.  All  of  these  projects  were  considered 
singly,  in  functional  segments,  and  in  combinations  with  the  reservoirs 
investigated,  and  with  other  local  works  to  determine  the  most  practical 
solution  to  the  basin's  water  problems.  More  than  forty  potential 
reservoir  sites  throughout  the  basin  wore  investigated  for  various 
project  purposes.  In  some  cases,  two  or  three  sites  were  selected  on 
the  same  stream  where  only  one  reservoir  could  possibly  be  warranted. 

In  these  cases,  the  final  site  selection  was  made  on  the  basis  of 
which  would  be  most  effective  and  feasible.  Twenty- two  of  the  reservoir 
sites  on  the  main  stem  of  the  Trinity  River  and  major  tributaries  were 
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selected  as  having  favorable  locations,  topography,  and  effectiveness 
for  this  study.  Purcher  consideration  was  m£ide  of  these  reservoirs 
on  the  basis  of  preliminary  design,  cost,  and  economic  studies  with 
each  being  considered  with  and  without  cheinnel  improvements  ar.d  tested 
in  turn  as  the  next  added  project  to  the  existing  and  authorized  plan 
for  the  basin.  Of  the  twenty-two  reservoirs,  it  was  found  that  (l) 
Lakevlew,  Aubrey,  Roanoke,  and  Tennessee  Colony  Reservoirs  were 
sufficiently  effective  and  needed  in  the  immediate  future  to  wai'rant 
further  studies;  and  (2)  that  a system  of  thirteen  reservoirs  in  the 
basin  (see  table  l)  should  be  included  in  the  long-range  plan  to  meet 
the  projected  water  development  needs  of  the  basin  and  for  possible 
additional  flood  protection  in  localized  areas.  The  extent  of  considera- 
tion given  to  these  thirteen  projects  varied  but  studies  were  sufficiently 
thorough  in  each  case  to  provide  a sound  conclusion  concerning  their 
suitability  primai'ily  for  water  supply  purposes  and  with  a definite 
possibility  that  storage  for  flood  control  may  be  desirable  at  some 
future  time  for  protection  of  localized  areas. 

57-  One  of  the  reservoir  projects  investigated  was  at  the  Boyd 
site  on  the  West  Fork  of  the  Trinity  above  Fort  Worth.  The  Boyd 
Reservoir  site  was  investigated  for  flood  control  purposes  in  studies 
for  the  upstream  extension  of  the  Fort  Worth  Floodway.  As  discussed 
in  the  interim  report  covering  that  problem  ai'ea  (West  Fork  Watershed 
Flood  Protection  - Fort  Worth  Area  Part  l),  a reservoir  at  this  site 
would  not  reduce  the  design  flood  discharges  in  the  problem  area  suffi- 
ciently to  eliminate  the  requirement  for  floodway  improvements.  The 
reduction  in  first  costs  for  the  floodway  extension  plus  the  incremental 
benefits  which  would  accrue  by  construction  of  the  reservoir  was  not 
sufficient  to  justify  the  added  cost  of  including  the  reservoir  in  the 
plan.  In  connection  with  this  study,  the  Boyd  Reservoir  site  was 
investigated  to  ascertain  if  a reservoir  at  this  site  would  relieve 
the  flood  problem  along  the  West  Fork  between  Fort  Worth  and  Dallas. 
Preliminary  studies  indicated  that  to  economically  provide  the 
desirable  degree  of  flood  protection  for  this  ai'ea  would  require 
floodway  improvements  consisting  of  an  improved  channel  and  levees. 

Further  Investigations  disclosed  that  no  material  reduction  in  fi  'odwa 
capacity  and  coot  of  floodway  improvements  would  be  realized  by 
inclusion  of  a reservoir  at  Boyd  site  and  that  the  increment.a.  • 
control  benefits  afforded  by  a reservoir  at  this  site  w uli  so 
insufficient  to  justify  the  additional  costs  required  I'lr  ■ f.- 
structlon  and  operation.  On  the  basis  of  the  foregrlr^;.  ■■  ' '■  i 

Reservoir  as  a flood  control  element  in  a comprehens  : ■.  . c-  r7«, 

el,lmlnated  from  further  consideration  at  this  * ime.  v”  . »•  • ^ 

of  the  Interest  in  this  project  as  a soui’ce  uf  r - w,  -•  o. 

because  of  its  potential  use  as  a flooti  con*.rui  pr  v « o- 
time  for  flood  protecton  between  Boyd  and  Ka-  “ u-' 'c 
it  has  been  included  in  the  long-range  plan  i : q- 

table  1). 


58.  Brld^;eport  and  Eagle  Mountain  Reservoirs  located  above  Fort 
Worth  wore  studied  In  conjunction  with  the  studies  undertaken  for  the 
Boyd  Reservoir  site.  These  two  reservoirs  were  constructed  by  local 
interests  for  water  supply  purposes.  (See  table  1 for  pertinent  data.) 
However,  they  provide  some  degree  of  protection  for  the  area  below  the 
reservoirs  because  the  comparatively  narrow  spillways  of  these  two 
structures  induce  surcharge  storage  that  will  reduce  flood  peak,s.  The 
standard  project  flood  routings  through  these  reservoirs  indicate  that 
both  reservoirs  could  control  this  flood  and  afford  freeboards  of 
10. U feet  at  Bridgeport  and  12.0  feet  at  Eagle  Mountain.  Also,  under 
Corps  of  Engineers  spillway  design  storm  criteria,  flood  routings 
studies  show  that  both  dams  would  be  overtoppied  by  the  spillway  design 
flood.  Investigations  indicate  that  Bridgeport  Reservoir  could  con- 
trol Gk  percent  of  the  spillway  design  flood  below  the  top  of  the  dam.. 
Likewise,  Eagle  Mountain  Reservoir  would  control  about  60  percent  of 
this  flood  below  the  top  of  the  dam.  It  is  understood  that  local 
interests  are  currently  considering  remedial  works  by  the  addition  of 
emergency  spillways. 

59-  RECAPITULATION-SOLUTIONS  CONSIDERED  TO  THE  EXISTING  FLOOD 
PROBLEM  IN  THE  BASIN.-  Presentation  in  preceding  paragraphs  and 
examination  of  table  8,  shows  that  the  serious  flood  problem  in  the 
Trinity  River  Basin  can  be  sol'.'ed  by  various  remedial  works  with 
costs  considerably  less  than  the  benefits.  Functional  segments  of  tlie 
plan  considered  clearly  demonstrate  that  benefits  would  accrue  immediately 
upon  completion  of  many  self-contained  units  of  an  overall  plan  that  is 
urgently  needed  to  solve  the  Trinity  River  flood  problem.  As  will  be 
developed  later,  the  remedial  works  discussed  herein  will  be  greatly 
enhanced  and  become  even  more  efficient  with  the  joint  use  of  other 
project  purposes  such  as  additional  storage  in  the  Tennessee  Colony 
Reservoir  and  the  Ia.keview  Reservoir  for  water  supply  and  other  con- 
servation purposes.  Also,  the  merits  of  the  channel  improvement  project 
for  flood  control  can  be  significantly  enhanced  by  joint  use  as  a water- 
way for  barge  transportation  which  is  presented  in  subsequent  paragraphs. 

60.  DEH’ERMINATION  OF  FAIR  SHARE  BEKEFITG.-  The  flood  control 
benefits  creditable  to  the  multiple -purpose  channel,  the  local  protec- 
tion projects,  and  the  reservoirs  in  the  proposed  plan  of  improvement 
of  the  Trinity  River  Basin  have  been  assigned  to  the  individual  projects 
in  an  equitable  manner  and  separate  benefit-cost  ratios  have  been 
determined  for  each  project  in  the  system.  In  connection  with  determin- 
ing a reasonable  distribution  of  system  flood  control  benefits  to  the 
Interrelated  projects,  flood  routing  studies  were  made  to  detennine  the 
effect  each  individual  project  would  have  on  system  benefits  for  river 
reaches  where  more  than  one  project  will  be  effective.  The  benefits  for 
each  project  in  a given  reach  was  determined,  assuming  that  the  project  was 
the  first-added  modification  in  that  reach.  The  ratio  of  the  project 
benefits  so  determined  to  the  sum  of  all  individual  project  benefits  in 
the  reach  was  used  to  determine  the  equitable  fair-share  benefits  each 
project  would  be  credited  with  in  a given  reach. 
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Reach 

Stream 

miles 

Rural  or 
urban 
property 

Average 

annual 

damages 

Frequency 
of  flooding 
under  exist- 
ing conditions 
(years) 

Average  : 
minimum  : 
bankfull  : 
capacity  : 
(cfs)  : 

I.  West  Fork  of  Trinity  River 

a.  Fort  Worth  Floodway  to  Dallas  Floodway 

551.5-505.5 

Urban 

$3,624,400 

2.4 

7,000 

b.  Mountain  Creek 

7.2-2. 4 

Urbsm 

48l,800 

1.0 

4,000 

Trinity  River  - Mfcin  Stem 


a. 

Through  existing  Dallas  Floodway 

505.5-497.9 

Urban 

(4) 

2.7 

13,000 

b. 

Extension  of  Floodway  to  Five  Mile  Creek  497. 

Urban 

1,216,500 

2.7 

13,000 

c. 

Five  Mile  Creek  to  head  of  Tennessee 

Colony  Reservoir 

486.6-407.0 

Rural 

2,501,200(5) 

1.0 

9,000 

d. 

Tennessee  Colony  Dam  to  head  of 

Livingston  Reservoir 

339.2-183.0 

Rural 

3,038,400 

1. 0-4.0 

24,-53,000 

e. 

Livingston  Dam  to  head  of 

Walllsville  Reservoir 

129.2-12.0 

Rural 

2,447,700 

4. 0-1.0 

53,-20,000 

(l)  Liberty  levee  area 

45-33 

Urban 

(651,000)(9) 

1.0 

20,000 

Sub-total  I and  II 


III. Elm  Fork 


Lewisville  Dam  to  mouth 

Denton  Creek  - Grapevine  Dam  to  mouth 

Sub -total  Elm  Fork 


30.0-0 

11.7-0 


Rural -Urban 
Rural 


IV. Duck  Creek 


a.  Channel  only  project 


Grand  total 


17. 5-10. U 


13,310,000 


1.864.200 

11,000 

1.895.200 


Z2h,hOO 

15,429,600 


9. 0-3. 3 
17.0 


8,000 

6,000 


6,000 


Costs  are  based  on  Lakeviev  sind  Tennessee  Colony  Reservoirs  being  operational . 

Includes  $114,100  to  provide  chsumel  through  existing  Dallas  Floodway. 

Includes  $231,700  to  provide  sniltlple -purpose  channel  site  through  existing  Dallas  Floodway. 
Rone  behind  existing  levees  with  standard  project  flood  protection. 

Includes  allowance  for  overtopping  agricultural  levees. 

Improvement  on  portions  of  channel  consists  of  clearing  only 
Does  not  include  $99,900  benefits  for  land  enhsinceaent. 

Does  not  Include  $230,900  benefits  for  land  enhancement. 

Included  in  reach  II -e  Livingston  Dam  to  head  of  Walllsville  Reservoir. 

Ratural  cleared  channel. 
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Channel 

requirements 

for  reservoir 

regulation 

uency 
oodlng 
ejiist- 
ondltlons 
years ) 

Aveiage 
mlnlmusi 
bankfxill 
capacity 
( cf  6 ) 

Channel 

design 

discharge 

(cfs) 

Flood  : 

frequency  of : 
design  : 

discharge  : 
(years)  : 

Channel  ; 
bottom  5 
width  : 
( Feet ) : 

Annual 

charges 

Annual 

benefits 

Residual 

annual 

dasages 

2.4 

1.0 

7,000 

4,000 

15,000 

7.7 

30 

$336,900(2) 

$944,200 

0 

$2,680,200 

481,800 

2.7 

2.7 

13,000 

13,000 

25,000 

25,-87,000 

5.9 

5. 9-6. 6 

125 

125 

180,000 

233,500 

983,000 

1.0 

9,000 

27,-35,000 

4. 0-7. 4 

125-200 

935.200 

1,639,900 

861,300 

.0-4.0 

24,-53,000 

45,000 

3.0 

200-75(6) 

1,082,300 

1,382,900(7) 

1,655,500 

1. 0-1.0 
1.0 

53,-20,000 

20,000 

45,000 

45,000 

3.6 

3.6 

150-300(6) 

1,027,200 

1,549,500(8) 

(474,4oo)(9) 

898,200 

(1T6,600)(9) 

3,561,600 

5,750,000 

7,560,000 

..0-3.3 

17.0 

8,000 

6,000 

10,-15,000 

7,000 

14.0-12.5 

25.0 

50-100 

(10) 

203,000 

3,600 

1,342,900 

6,100 

541,300 

^.900 

206,600 

1,349,000 

546,200 

5.0 

6,000 

• 

224,400 

1 

3,768,200 

7,099,000 

8,330,600 

Design  dlsche 

a-----' ^ 


30,000 


9: 


35,000 

35,000  16- 


U5,000 


15,000  9 


21,500-40,700 


my. 


I 


Residual 

Anmiml 

daaageB 


Channel  requireaentB  plus  standard  project  flood  protection  to  urban 


Design  discharge 

Flood  frequency  : Channel 

with  design  discharge  :botto« 

Increaental 

Channel  nooduay 

(cfs)  ; (cfs) 

Annual  : Annual 

charges  (l)  : benefits 

Anm 

bene' 


$2,680,200 

1*81,800 


983,000 

861,300 

1,655,500 


898,200 

(176,600)(9) 


7,560,000 


51*1,300 

_Jl200 


51*6,200 


221*. 1*00 

8,330,600 


30,000  95,-160,000 


35,000 

35,000 


l*s,000 


163,800 

l63,800-17l*,600 


180,000 


15,000  58,-61,000 


21,500-1*0,700 


16.7  i*ooi  150-200  $2,118,1*00(3) 


9.0 

9.0 


1*00-* 


l*00l 

i*ooi 


60.0  800l 


12.5  l*00i 


150 

1'50 


250 


100 


135-150 


684,1*00 


19,200 


2,882,000 


516,800 


516,800 


160.400 

3,559,200 


$2,359,400 

0 


$320,800 

1*81,800 


$4' 


341,100 


141,900 

861,300 


lij 

2"^ 


1,655,500 


151,500  71*6,700  2 

(25iiooK?}  _i 

3,352,000  4,208,000 


90 


517,700 


23,600 

**,900 


517,700 


28,500 


224,400  0 

4,094,100  4,236,500 

Annual  charges  for  reservoir  project 


9 

5 


ndard  project  ilood  protection  to  urban 


protection  project 

Added  protection  by  reservoirs 

: Channel 

: 

: 

Lcdtevlew 

Tennessee  Colony 

;bottoa 

Inc  reaental 

Residual 

: Residual 

; 

Residual 

Annual  : 

bene  fit  8 : 

annual 

daiMes 

Annual  annual 

benefits  daasaes 

Azinu&l  ; 

benefits  ; 

annual 

daaases 

150-200 

♦2,U8,J»00(3) 

|^,359,‘^00 

0 

1320,800 

l»8l,800 

$320,800 
$^♦57,800  24,000 

- 

$320,800 

24,000 

150 

- 

- 

- 

- 

- 

- 

0 

150 

684,400 

341,100 

141,900 

141,900 

0 

- 

0 

- 

- 

- 

861,300 

250,000 

611,300 

- 

6u,300 

- 

- 

- 

1,655,500 

38,400 

1,617,100 

1,561,500 

55,600 

- 

. 

151,500 

746,700 

21A00 

725,600 

706,600 

19,000 

250 

79,200 

(X51.500)(9) 

(25,100)(9) 

(4,200)(9)  (20,900)(9) 

(20,^)(9) 

(0) 

2,882,000 

3,352,000 

4,206,000 

909,200 

3,298,800 

2,268,100 

1,030,700 

100 

516,800 

517,700 

23,600 

- 

23,600 

- 

23,600 

- 

- 

- 

4.900 

- 

4,900 

- 

4,900 

516,800 

517,700 

28,500 

28,500 

28,500 

135-150  160.400 

224.400  0 

- 

0 

3,559,200 

4,094,100  4,236,500 

909, too  3,327,300 

2,268,100  1,059,200 

Annual 

charges  for  reservoir  project 

527,700 

1,969,800 

61.  SUMMARY  OF  FLOOD  CONTROL  STUDIES.-  Table  9 shows  a summary 
of  the  benefits,  costs,  and  the  benefit-cost  ratios  for  the  flood 
control  plan  as  it  was  developed  in  the  preceding  paragraphs.  The 
table  shows  the  benefits  and  benefit-cost  ratios  for  each  unit  in  the 
plan  using  both  next  added  and  the  adjusted  fair  share  benefits 
assuming  all  elements  to  be  in  the  plan.  The  flood  control  channel 
increment  is  considered  basic  to  the  flood  control  plan  for  the  Trinity 
River  Basin  since  additional  flood  control  reservoirs  would  not  preclude 
the  need  for  additional  channel  capacity.  Therefore,  the  channel 
increment  is  considered  as  the  next  added  project  to  the  existing  and 
authorized  flood  control  plan.  As  demonstrated  in  previous  paragraphs, 
the  degree  of  protection  afforded  by  the  flood  control  channel  plan 

was  inadequate  in  the  urban  areas  and  that  the  only  feasible  means 
of  affording  the  degree  of  protection  needed  was  by  the  addition  of 
levees.  Therefore,  the  addition  of  the  levees  was  considered  as 
the  next  added  unit  to  the  chaJinel  project.  There  remained  considerable 
flood  damages  in  the  rural  areas  along  the  main  stem  which  were  not 
afforded  a sufficiently  high  degree  of  flood  protection  by  the  channel 
project.  It  was  found  that  by  the  addition  of  flood  control  storage 
in  the  Lakeview  and  Tennessee  Colony  Reservoirs  the  rural  areas  would 
be  afforded  eidequate  protection  and  the  reservoirs  were  considered  as 
the  next  added  units  to  the  channel  and  levee  projects.  The  Elm  Fork 
Floodway  and  Duck  Creek  Local  Protection  projects  are  independent 
units  in  the  plan  of  development  and  were  considered  as  the  first  added 
units  in  the  plan  as  developed.  The  Incremental  and  fair  share  benefits 
for  these  two  units  are  the  same. 

62.  Tedile  10  shows  the  year  in  which  the  average  annual  flood 
control  benefits  creditable  to  each  separable  unit  of  the  total 
flood-control  plan  would  equal  or  exceed  the  annual  cheu'ges  for  the 
unit.  The  conditions  under  which  each  unit  has  been  analyzed  is  also 
shown.  It  may  be  seen  from  this  table  that  the  average  annual  flood 
control  benefits  would  equal  or  exceed  the  annual  charges  for  all 
projects  by  1983* 
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tabu:  9 

SUMIABY  OF  FLOOD  COIITOOL  OHLY  STTOIES 
(In  thou»«nd«  of  dollar*) 


I tea 


Increaental  ~ 
; Benefli- 


Annual 

Charge 


Benefit* 


co*t 

ratio 


Fair  Share 
: Beneflt- 


Beneflt* 


cost 

ratio 


Main  Stea 

1.  Flood  control  - channel  only  (1) 
a.  Fort  Worth  to  Dallas  Floodvay 

222.8) 

9I4I4.2 

2.8 

01414,2 

2.8 

b.  Through  existing  Dallas  Flood- 

way 

c.  Extension  of  Floodway  to  Five 

Mile  Creek 

1114.1) 

180.0 

233.5 

1-3 

233.5 

1.3 

d.  Five  Mile  Creek  to  Tennessee 
Colony 

935.2 

1,639.9 

1.8 

1,336.6 

1.6 

e.  Tennessee  Colony  to  Livingston 

1,062.3 

1,1482.8 

I.I4 

1 ,092.5 

1.0 

f.  Livingston  to  Halllsvllle 
Sub-total  - channel 

1,027.2 

1,780.14 

1.7 

1 ,091.2 

1 . 1 

6,^.8 

ITT 

14,695.8 

1.3 

2.  Levees  to  standard  project 
flood  protection  (2) 
a.  West  Fork  (3)  (*») 

2,118.14 

2,359-6 

1 .1 

2,359.6 

1.1 

b.  Dallas  Floodvay  Extension  (3) 

C»l4.l4 

&U1.I 

1.2 

68  "-.O 

1 .0 

c.  Liberty  Local  Protection 

79-2 

151.5 

260.9 

3-0 

Sub-total  - levees 

2,882.0 

3,355.6 

3.285.3 

1.1 

Total  - channels  snd  levees 

6,14143 .6 

9,632.8 

1-5 

7,,  981.1 

1.2 

3.  Flood  control  only  reservoirs 
a.  Lakevlew 

527.7 

909.2 

1.7 

1.3910 

2.6 

b.  Tennessee  Colony 

1.989.8 

2,266.1 

1.1 

3,238.0 

1.6 

Sub-total  - Main  Stem 

l5,fcl0.1 

mr 

12,610.1 

« 

It 


II. 


(1) 

(2) 

(3) 


Ot) 


local  Protection  Projects 
1 . Ela  Fork 


a. 

Elm  Fork  - channel  only 

203.0 

1,362.9 

6.6 

1,362.9 

t.( 

b. 

Denton  Creek  - channel  only 

6.1 

1.7 

6.1 

1.7 

Sub-total  - channels 

1,36<J.0 

rr 

c. 

levees 

516.8 

517.7 

1.0 

517.7 

1.0 

Sub-total  - Elm  Fork  Project  723.6 

1,8K..7 

TT- 

1,H«-.7 

57r 

Duck  Creek 

a.  Standard  project  flood  control 
channel 

160.6 

226. 14 

1.6 

226.4 

1.6 

Sub-total  - local 
Protection  Projects 

863.8 

2,091.1 

2.6 

2,001.1 

2.6 

Total  - Flood  control  projects 

9,86U,9 

16,701.2 

1.5 

16,701.2 

1.5 

Single  purpose  flood  control  channel. 

Levee  costs  are  based  on  Lakevlew  and  Tennessee  Colony  Reservoirs  being  operational. 

Includes  added  cost  of  bridge  aodlflcatlons  and  channel  enlargeaent  necessary  for  proper 
functioning  of  leveed  flooduay. 

Includes  added  coat  of  bridge  aodlflcatlons  and  channel  enlargeaent  In  existing  Dallas  Floodway. 
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COMPARISON  OF  AVERAGE  ANNUAL  FLOOD  CONTROL  BENEFITS  AND  ANNUAL  CHARCT:3 


Proposed  flood- 
control  project 

Condition  of  analysis 

Year  in  whlcii 
average  annual 
flood- control 
benefits  would 
equal  or  exceed 
annual  charges 

West  Fork  Floodway 

Levees  incremental  to 
mult iple -purpo se 
channel 

1970 

Dallas  Floodway  Extension 

Levees  incremental  to 
mxilt  iple-purpose 
channel 

1980 

Liberty  Levee 

Levees  incremental  to 
mult iple -purpo se 
channel 

1972 

Flood- control  portion 
Lakeview  Reservoir 

of 

Incremental  to  multiple- 
purpose  channel  and 
levees 

1970 

Flood-control  portion  of 
Tennessee  Colony  Reservoir 

Incremental  to  multiple- 
purpose  channel  and 
levees 

1982 

Elm  Fork  Floodway 

First  added 

1970 

Duck  Creek  channel 

First  added 

1983 
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WATERWAY  EXTENSION  S'TUDY 


63.  SINGLE  PURPOSE  WA'FERWAY.-  Four  plans  of  improvement  were 
investigated  in  the  development  of  a single  purpose  navigation  project 
by  extending  the  existing  waterway  to  Dallas.  The  four  plans  were 
identical  except  for  channel  size.  Channel  sizes  investigated  were 
9 X 150  feet,  12  X I50  feet,  9 x 200  feet  and  12  x 200  feet.  All 
foui'  investigated  plans  provided  for  sea  level  channels  extending  from 
the  Houston  Ship  Channel  to  Lock  No.  1 at  the  Wallisville  Dam  and  for 
a canalized  waterway  extending  upstream  of  Wallisville  Dam  following 
the  genersil  alignment  of  the  Trinity  River  to  a proposed  navigation 
terminal  at  Dallas.  The  single  purpose  plan  for  extending  the  existing 
waterway  did  not  consider  Tennessee  Colony  Reservoir  in  place.  The 
sillgnment  of  the  four  channels  followed  in  general  the  alignment  of 
the  single  purpose  flood  control  channel.  However,  a number  of  cutoffs 
and  channel  rectifications  were  necesseiry  to  meet  the  criteria  of 
curvature  and  approach  to  channel  structures  for  the  single  purpose 
navigation  channel  that  were  not  necessary  for  the  larger  flood  control 
channel.  Each  of  the  major  cutoffs  was  studied  to  determine  whether 
or  not  it  was  economically  justified  by  comparing  the  additional  cost 
of  construction  with  the  transportation  savings  it  would  provide  as 
the  result  of  a shorter  channel  alignment.  The  overall  length  of  the 
investigated  channels  to  Dallas  was  318  miles. 

6k,  The  proposed  channel  improvements  would  provide  for  a waterway 
having  curves  with  minimum  radii  of  2,500  feet,  straight  bridge  approaches 
of  1,500  feet  and  straight  lock  approaches  of  2,500  feet.  Comparative 
cost  estimates  for  the  four  single  purpose  plans  were  based  on  channel 
side  slopes  of  1 on  2 and  an  allowance  of  1-foot  of  channel  overdepth. 
Proposed  bridge  modifications  would  provide  horizontal  clearances  of 
250  feet  and  minimum  vertical  clearances  of  50  feet  above  the  water 
surface  elevation  equalled  or  exceeded  2 percent  of  time.  The  single 
purpose  waterway  extension  to  Dallas  would  have  I9  locks,  with  clear 
dimensions  of  84  x 600  feet.  A summary  of  estimates  of  annual  charges 
for  the  four  channels  to  Dallas  are  contained  in  a tabulation  following 
paragraph  69.  Annual  charges  are  based  on  an  assumed  construction 
period  of  10  years.  Federal  and  non-Federal  interest  rates  of  2-7/8 
percent  and  3 percent,  respectively,  and  a 100-year  project  life. 

First  cost  for  the  four  channels  are  tabulated  below. 


Channel  Size  in  Feet 


Cost 


9 X 150 
12  X 150 

9 X 200 
12  X 200 


$415,071,000 

447.012.000 

457.734.000 

478.181.000 


65.  Prospective  transportation  savings  were  computed  for  all  four 
channel  sizes  to  Dallas.  Prospective  traffic  and  transportation  savings 
for  the  200- foot  channels  were  estimated  on  the  basis  that  all  commerce 
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except  sand  and  gravel  and  stone  would  move  in  tows  consisting  of  four 
beirges,  two  abreast  and  two  in  tandem.  Prospective  traffic  and 
transportation  savings  for  the  150-foot  channels  were  estimated  on  the 
basis  that  all  commerce  except  sand  and  gravel  and  stone  wo 'old  move  in 
tows  consisting  of  three  barges  connected  in  tandem.  Barge  sizes  for 
all  commerce  except  sand  and  gravel  and  stone  were  35  feet  wide  and 
195  feet  long.  Barge  tows  for  sand  and  gravel  and  stone  consist  of 
two  and  three  barges,  26  feet  wide  and  175  feet  long,  connected  in 
tandem. 

66.  Basic  criteria  used  to  determine  relationships  between  tow 
sizes  and  channel  sizes  were  the  sectional-area  ratio,  draft-depth 
ratio  and  maneuverability  ratio.  Tests  have  shown  that  the  resistance 
to  movement  of  tows  in  a restricted  channel  decreases  rapidly  as  the 
ratio  of  the  sectional  area  of  the  channel  to  the  submerged  sectional 
area  of  tow  is  increased  to  a value  of  six  and  decreases  to  a lesser 
degree  as  the  ratio  increases  above  a value  of  six.  A sectional-area 
ratio  greater  than  six  is  therefore  preferred.  The  draft-depth  ratio 

is  also  important  because  resistance  to  tow  movement  is  unduly  increased 
if  the  draft  is  greater  than  75  percent  of  the  channel  depth.  Consid- 
eration was  also  given  to  the  maneuverability  ratio  defined  as  the 
length  of  tow  divided  by  the  difference  between  the  average  width  of 
channel  and  width  of  tow.  EM  1110-2-2601  recommends  that  this  ratio 
be  not  less  than  3-0  and  not  more  than  4.0  if  adequate  tow  maneuverability 
is  to  be  obtained. 

67.  Pertinent  information  concerning  the  sectional-areas,  draft- 
depth  and  maneuverability  ratios  for  the  investigated  channels  is 
contained  In  the  following  tabulation; 

CiiANNEL  SIZi:  STUDY 

SECTIONAL-AREA,  DRAFT-DEPTH  AND  MANEUVERABILITY  RATIOS 
FOR  INVESTIGA'fED  CHANNEL  SIZES 


Channel  Size 
in  Feet 

Tow 

Format ion 

Draft -Depth 
Ratio 

Sectional- 
Area  Ratio 

Maneuverability 

Ratio 

9 X 150 

1x3 

0.78 

6.2 

5.6 

12  X 150 

1x3 

0.70 

7.0 

5-3 

9 X 200 

2x2 

0.78 

4.0 

3-7 

12  X 200 

2x2 

0.70 

4.5 

3-5 

68.  The  above  ted>ulation  shows  that  none  of  the  investigated  channel 
sizes  meet  all  of  the  recommended  ratios.  The  12-  x 150-foot  channel 
meets  the  recummended  draft-depth  and  sectlonal-ai'ea  ratio,  but  its 
maneuverability  ratio  is  5-3  as  conQsared  to  a recommended  ratio  of  not 
less  than  3-0  and  not  greater  than  4.0.  To  compensate  for  lack  of 
maneuverability  euid  to  provide  for  adequate  handling,  towboats  operating 
on  the  150-foot  wide  channel  would  require  reserve  horsepower  for 
maneuvering  in  addition  to  horsepower  needed  to  move  tows  at  optimum 


1-70 


r 


operating  speeds.  This  additional  towboat  horsepower  requirement  was 
taken  into  account  ^en  barge  rate  factors  were  being  computed  for  the 
four  investigated  channels . 

69.  Barge  rate  factors  were  computed  for  all  four  channel  sizes 
and  used  to  determine  the  net  transportation  savings  that  would  be 
creditable  to  each  channel,  lliese  savings  were  compared  with  annual 
charges  for  each  of  the  four  channels  to  determine  which  of  the  channels 
would  be  most  economical.  A comparison  of  annual  charges  and  net  annual 
transportation  savings  based  on  prospective  traffic  for  the  four  channels 
to  Dallas  is  contained  in  the  tabulation  below.  This  tabulation  shows 
the  12-  X 150-foot  channel  to  be  the  most  economical  channel  size  for  a 
waterway  from  the  Houston  Ship  Channel  to  Dallas. 

COMPARISON  OF  FIRST  COSTS,  ANNUAL  CHARGES  AND  ANNUAL  BENEFITS  FOR 
SINGLE -PURPOSE  NAVIGATION  CHANNELS  TO  DALLAS 


Item  : Channel  : Annual  : Benefit  : Excess 


No. :Size  in  feet:  Charges  : Benefits  :Cost  Ratio.  Benefits 


(1) 

12  X 150 

$18,454,000 

$23,486,000 

1.27 

$5,032,000 

(2) 

9 X 150 

17,334,000 

20,682,000 

1.19 

3,348,000 

(1)  minus 

(2) 

$ 1,120,000 

$ 2,804,000 

- 

$1,684,000 

9 X 200 

$18,904,000 

$22,108,000 

1.17 

$3,204,000 

N) 

9 X 150 

17,334,000 

20,682,000 

1.19 

3,348,000 

(3)  minus 

(M 

$ 1,570,000 

$ 1,426,000 

- 

$ -144,000 

(5) 

12  X 200 

$19,623,000 

$24,666,000 

1.26 

$5,043,000 

(6) 

12  X 150 

18,454,000 

23,486,000 

1.27 

5,032,000 

( 5)  minus 

liL 

$ 1,169,000 

$ 1,180,000 

- 

$ 11,000 

70.  Projected  tonnage  for  the  reach  of  channel  between  Dallas  and 
Fort  Worth  would  be  less  than  half  of  the  tonnage  for  the  waterway  below 
Dallas.  For  this  reason,  a channel  size  study  was  not  made  for  the  reach 
between  Dallas  and  Fort  Worth,  a minimum  navigation  channel  having  a 
bottom  width  of  125  feet  and  12-foot  depth  was  selected.  This  channel 
is  considered  to  be  adequate  in  size  at  this  time  to  provide  for  movement 
of  prospective  commerce  in  barge  tows  consisting  of  two  barges  connected 
in  tandem.  Bridges  crossing  this  reach  would  have  to  provide  horizontal 
clearances  of  2CJ  feet.  The  necessary  lift  in  this  reach  would  require 
four  locks  with  dimensions  of  56  feet  by  ^00  feet.  Since  preliminary 
estimates  of  cost  for  extending  the  single -purpose  waterway  to  Fort  Worth 
indicated  marginal  merit  when  considered  singly  and  because  of  the 
previously  established  conclusion  that  the  most  efficient  solution  to  the 
flood  problem  along  the  Trinity  River  and  the  West  Fork  was  by  an  improved 
channel  and  floodway,  tests  were  made  to  determine  the  savings  in  cost 
that  would  accrue  to  the  various  project  purposes  by  Joint  use  of  a common 
channel  alignment  and  the  corresponding  benefits  which  would  accrue  thereto. 
Ihe  results  of  this  study  are  presented  in  subsequent  paragraphs. 


71.  EXTENSION  OF  WATERWAY  BY  MULTIPLE -USE  CHANNEL.-  A multi pie - 
purpose  channel  for  solution  to  the  flood  problem  and  to  meet  the  need 
for  barge  navigation  to  the  Fort  Worth-Dallas  complex  could  have 
significant  cost  saving  advantages  and  thereby  each  purpose  served  would 
share  in  such  rewards.  The  sizes  of  the  previously  presented  plan  for  a 
single -purpose  flood  control  channel  for  the  streams  below  the  existing 
and  recommended  flood  control  reservoirs  were  selected  primarily  on  the 
basis  of  operational  releases  from  the  reservoirs;  by  the  most  efficient 
combination  of  floodway  channel  sizes;  and  by  other  economic  and  design 
objectives  adopted  for  this  study.  The  flood  control  only  plan  was 
aligned  so  that  the  r.atural  river  channel  and  all  existing  bridges  or 
bridge  locations  would  be  most  efficiently  utilized.  The  plan  provided 
for  the  modification  of  existing  highway  and  railroad  bridges  where 
necessary  in  order  to  provide  required  clearances,  pier  protection,  and 
bank  stabilization.  The  single -purpose  waterway  channel  size  study 
showed  that  a 12 -x  150-foot  channel  would  be  the  most  efficient  of  four 
different  sizes  Investigated.  The  canalized  waterway  extending  upstream 
of  the  existing  project  followed  the  general  alignment  of  the  single- 
purpose flood  control  channel.  The  single-purpose  waterway  improvements 
would  provide  for  a channel  having  curves  with  minimum  radii  of  2500  feet, 
straight  bridge  approaches  of  1500  feet,  and  straight  lock  approaches  of 
2500  feet.  The  single -purpose  waterway  to  Dallas  would  have  19  locks  with 
clear  dimensions  of  84  x 6OO  feet.  Locks  for  the  single -purpose  waterway 
would  be  at  the  same  location  as  those  for  a multiple -use  channel, 
except  for  the  reach  through  the  Tennessee  Colony  Reservoir. 

72.  Data  presented  in  prior  paragraphs  have  clearly  demonstrated 
economic  justification  for  both  functions,  as  single-purpose  projects. 
There  remains  an  evaluation  of  the  economic  advantages  of  integrating 
the  two  project  purposes  into  a common  channel  and  alignment. 

Preliminary  design  and  cost  estimates  show  that  a common  channel  align- 
ment would  effect  significant  savings  in  construction  cost  The 
multiple-use  channel  follows,  in  general,  the  alignment  of  the  single- 
purpose chainnels.  Several  cutoffs  were  justified  for  the  single - 
purpose  navigation  alignment  that  were  not  justified  for  the  multiple- 
use  cheinnel.  At  these  locations,  the  multiple -use  alignment  follows  the 
river  more  closely  than  the  single -purpose  navigation  channel.  The 
single -purpose  flood  control  channel  followed  the  natural  river  channel 
in  reaches  where  existing  capacities  were  adequate,  and  where  existing 
capacities  were  Inadequate,  the  more  economic  route  was  selected  in 
balancing  land  cuts  versus  the  longer  river  cuts. 

73.  The  multiple-purpose  channel  to  mile  35.5>  as  proposed  in  this 
report,  provides  for  deepening  to  12  feet  the  completed  and  uncompleted 
portions  of  the  9"X  150-foot  channel  to  Liberty  project  from  the  Houston 
Ship  Channel  and  includes  channel  realignment  at  and  below  Wallisville, 
Texas.  At  channel  mile  35* 5 > the  9-x  150-foot  authorized  (uncompleted) 
channel  to  Liberty  would  be  incorporated  in  the  proposed  multiple - 
purpose  channel  which  would  have  a bottom  width  of  300  feet  and  a depth 
of  about  27  feet  below  top  of  river  banks.  Upstreeun  of  channel  mile 
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*+3-5f  dimensions  of  the  channel  would  decrease  to  a minimum  of 
150  feet  at  Lock  and  Dam  No.  4.  Upstream  of  the  Livingston  Dam,  the 
channel  wo’uld  have  a bottom  width  of  I50  feet  excepting  three  widely 
sepai'ated  reaches  where  the  channel  width  would  be  200  feet.  The  plan 
provides  for  a channel,  12  feet  deep  and  I50  feet  wide  extending  through 
the  Tennessee  Colony,  Walllsvllle  and  Livingston  Reservoirs.  The  top  of 
the  navigation  pool  through  the  reservoirs  would  be  located  at  the  bottom 
elevation  of  the  conservation  pools  of  the  respective  reservoirs,  and 
thereby  the  channel  would  provide  100  percent  navigation  through  the 
reservoirs  when  conservation  storages  are  fully  depleted.  Pertinent 
Information  regarding  the  dimensions  and  capacity  of  various  sections  of 
the  multiple-purpose  channel  Is  given  in  the  following  tabulation,  and 
the  condensed  plan  and  profile  are  presented  on  plate  24. 

PERTINENT  DATA  MULTIPLE-PURPOSE  CHANNEL 
HOUSTON  SHIP  CHANNEL  TO  DALLAS 


Channel 

From 

mile  : 
:To  : 

Length 

(miles) 

: Bottom 
: width(ft) 

Depth  : 
(ft)(l): 

Recommended 
operating 
discharge 
(cfs) 

Recommended 
channel 
capacity 
(cfs) 

0.0 

26.30 

28.30 

150 

13.3 

Tidal  pool 

Walllsvllle 

Reservoir 

35-50 

43.50 

8.00 

300 

27.0 

35,000 

45,000 

43.50 

55.70 

12.20 

350 

30.0 

35,000 

45,000 

55-70 

74.85 

19.15 

200 

34.0 

35,000 

45,000 

74.85 

100.88(2) 

26.03 

150 

40.0 

35,000 

45,000 

Livingston  Reservoir 

147.92 

234.60(3) 

86.68 

150 

45.0 

35,000 

45,000 

Tennessee  Colony  Reservoir 

274.51 

293.00 

18.49 

200 

25.0 

25,000 

32,000 

293.00 

304.00 

11.00 

150 

28.0 

25,000 

32,000 

304.00 

331-31 

27.31 

150 

26.0 

20,000 

27,000 

(1)  Approximate  depth  of  channel  below  top  of  river  bank. 

(2)  Upper  end  of  flood  release  discharge  channel  at  the  Livingston 
spillway  basin. 

(3)  ’Upper  end  of  flood  release  discharge  cheinnel  at  the  Tennessee 
Colony  spillway  basin. 
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7^.  The  advantage  of  combining  a waterway  channel  with  a floodway 
channel  to  constitute  a multi pie -purpose  channel  project  is  demonstrated 
in  the  tabulation  below. 

Annual  Charges  for  Flood  Control -Waterway  $18,230,200 

Channel  to  Dallas 

Annual  Charges  for  Flood  Control  Only 

Channel  to  Dallas  (including  Liberty  Levee)  $ 'i, 12^,900 

Incremental  Annual  Cost  of  the  Waterway  $15,106,300 

Incremental  Annual  Benefits  $20,7^,000 

Benefit-Cost  Ratio  1.^ 

75-  The  navigation  project  from  the  Houston  Ship  Channel  to  Dallas 
extends  through  the  Tennessee  Colony  Reservoir.  Many  of  the  cost  items 
such  as  land  and  relocation  costs  are  common  to  both  projects  >rtiich 
cannot  readily  be  separated  for  the  two  functions.  Also  a saving  can  be 
effected  by  the  joint  construction  of  these  two  projects  in  this  reach. 

The  Tennessee  Colony  Reservoir  project  costs  used  in  this  report  include 
the  necessary  cost  to  make  navigation  functional  from  the  downstream  side 
of  Lock  lOB  in  the  Tennessee  Colony  Dam  up  to  the  downstream  side  of 
Lock  and  Dam  No.  12.  There  is  no  meaningful  way  to  evaliiate  the  navi- 
gation benefits  that  would  accrue  to  this  segment  of  the  navigation 
project  through  the  Tennessee  Colony  Reservoir.  However,  it  appears 
reasonable  to  consider  that  the  benefit-cost  ratio  of  1.4  for  the 
navigation  project  from  the  Houston  Ship  Channel  to  Dallas  would  be 
applicable  to  the  separate  segment  through  Tennessee  Colony  Reservoir. 

76.  The  flood  control  only  plan,  between  Five  Mile  Creek  below 
Dallas  and  the  downstream  limits  of  the  existing  floodway  at  Fort  Worth, 
provides  for  floodway  discharges  varying  from  about  95,000  to  174,600 
cubic  feet  per  second.  The  channel  capacity  in  this  reach  would  vary 
from  30,000  to  35,000  cubic  feet  per  second.  Standard  project  flood 
protection  would  be  provided.  The  channel  bottom  widths  would  vary  from 
150'  to  200'.  These  widths  would  serve  the  needs  for  a waterway.  The 
channel  was  aligned  so  that  all  existing  bridges  or  bridge  locations 
were  utilized  where  practicable.  Existing  highway  and  railroad  bridges 
were  modified  where  necessary  to  provide  required  clearances,  pier 
protection,  and  bank  stabilization.  The  annual  charges  and  benefits  for 
this  reach  of  the  plan  are  $3,319,700  and  $4,222,100,  respectively.  The 
benefit-cost  ratio  is  1.3. 

77*  It  is  anticipated  that  shippers  and  receivers  of  waterway 
commerce  would  likely  locate  in  the  protected  areas  behind  the  floodways 
that  would  extend  throughout  the  reach  of  the  Trinity  River  in  the 
Fort  Worth -Dallas  complex.  Several  public  wharves  and  terminals  are 
expected  to  become  operational  and  used  extensively  along  the  waterway 
if  the  recommended  project  is  authorized.  However,  industrial,  manufacturing. 
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commercial,  and  transportation  business  establishments  are  expected 
to  locate  at  strategic  points  between  Fort  Worth  and  Dallas  and  in 
other  sites  downstream  toward  Houston  and  Galveston.  The  pattern  of 
location  will  be  influenced  by  demographic,  economic,  legal,  and  other 
practical  considerations.  Information  presented  in  Appendix  VII, 

Economic  Base  Study,  demonstrates  that  the  rapid  growth  of  the  Fort  Worth- 
Dallas  complex  can  be  expected  to  continue  at  an  accelerated  rate.  For 
these  and  other  reasons,  it  is  inescapable  that  sound  planning  dictates 
extending  the  existing  waterway  to  a point  that  would  be  centrally 
located  for  prospective  users  of  the  waterway.  Practical  considerations 
of  the  demand  that  will  be  made  by  prospective  users  of  the  waterway, 
if  extended,  focuses  on  the  need  to  terminate  the  waterway  at  a point 
near  the  mouth  of  Big  Fossil  Creek. 

78.  Because  the  prospective  tonnage  for  the  channel  reach  between 
Dallas  and  Fort  Worth  will  be  about  half  of  the  tonnage  for  the  waterway 
below  Dallas,  a minimum  navigation  channel  having  a bottom  width  of 
125  feet  and  12-foot  depth  was  selected  for  the  Dallas -Fort  Worth  reach 
at  this  time.  This  channel  is  considered  to  be  adequate  in  size  to 
provide  for  movement  of  commerce  in  barge  tows  consisting  of  two  barges 
connected  in  tandem.  Bridges  crossing  this  reach  would  provide 
horizontal  clearances  of  225  feet  between  bridge  fenders.  Four  locks 
would  be  required  with  dimensions  of  56  feet  by  400  feet.  The  alignment 
for  a waterway  channel  in  this  reach  is  largely  controlled  by  design 
criteria  of  minimum  curvature  of  2500  feet  between  tangent  reaches, 
straight  bridge  approaches  of  I5OO  feet  and  straight  lock  approaches  of 
2500  feet.  Channel  alignment  for  a plan  of  joint  use  for  flood  control 
and  navigation  would,  in  general,  follow  the  alignment  of  flood  control 
only  plan.  However,  the  multi-use  alignment  provides  for  numerous 
cutoffs  of  small  river  bends  and  straightening  of  the  river  to  provide 
tangent  reaches  on  the  general  alignment  of  the  river  to  meet  design 
criteria  for  curvatures  and  approach  tangents  to  locks  and  bridge 
structures.  Proposed  bridge  modifications  would  provide  minimian 
clearances  of  50  feet  above  the  water  surface  elevation  equalled  or 
exceeded  2 percent  of  the  time.  Pertinent  information  regarding  the 
dimensions  and  capacity  of  the  reach  between  Fort  Worth  and  Dallas  of  the 
multiple -purjxDsc  channel  is  given  in  the  following  tabulation. 

PERTINENT  DATA  - MULTIPLE -PURPOSE  CHANNEL 
FORT  WORTH  TO  DALLAS 


Channel 

From 

mile 

To 

Length 
(miles ) 

: Bottom  : 

: width(ft): 

Depth 

(ft)(l) 

: Recommended 
: operating 
; discharge 
( cf  s ) 

: Recommended 
: channel 

: capacity 

: ..  (cfs) 

331-31 

337.30 

5.99 

150 

26.0 

20,000 

25,000 

337.30 

342.51 

5.21 

150 

26.0 

12,000 

15,000 

3'+2-51 

360.17 

17.66 

200 

26.0 

12,000 

15,000 

360.17 

367.83 

7.66 

150 

26.0 

12,000 

15,000 

367.83 

369.78 

1.95 

200 

26.0 

12,000 

15,000 

( 1 ) Approximate 

depth  of 

channel  below  top  of 

river  bank. 

79*  Costs  and  benefits  studies  show  that  the  flood  control  channel 
only  plan  eLLong  the  Trinity  River  from  Wallisville  Reservoir  to  Dallas 
and  thence  up  West  Fork  to  Fort  Worth  has  a favorable  benefit -cost  ratio 
of  1.3.  The  annual  charges  are  $3,56l,600  and  the  annual  benefits  are 
$4,695,800.  The  Joint  flood  control- waterway  project,  including  levees, 
to  Fort  Worth  would  have  an  annual  charge  exclusive  of  recreation  of 
$24,770,100,  The  tabulation  below  shows  the  cost  advantage  of  combining 
the  flood  control  and  waterway  improvement  works. 


Annuad  Charges  of  Flood  Control-Waterway 

to  Fort  Worth  $24,770,100 

Annual  Charges  of  Flood  Control  Only  Plan  to 

Fort  Worth  $ 6,443,600 

Incremental  Cost  of  Waterway  Improvements  $10,326,500 

Incremental  Waterway  Benefits  $24,002,000 

Benefit-Cost  Ratio  for  Waterway  to  Fort  Worth  1-3 


00.  Another  more  rigorous  test  shows  that  extending  the  waterway 
from  Dallas  to  Fort  Worth  would  also  be  Justified.  This  test  is 
considered  to  be  of  little  significance,  however,  primarily  because  the 
practical  aspects  of  waterway  extension  dictate  that  the  focus  of  use 
will  be  centralized  in  the  Fort  Worth-Dallas  complex.  Information  on 
the  test  is  tabulated  below. 

Annual  Chetrges  for  Flood  Control-Waterway 

Dallas  to  Fort  Worth  $ 6,539,900 

Annual  Charges  for  Flood  Control  Only  Plan  from 

Dallas  to  Fort  Worth  $ 3,3^9,700 

Incremental  Cost  of  Waterway  Extension 
Dallas  to  Fort  Worth 

Incremental  Waterway  Benefits 

Benefit-Cost  Ratio 


$ 3,220,200 
$ 3,256,000 
1.0 
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DEVELOPMENT  OF  WATER  RESOURCES 


81.  GENERAL.-  In  relation  to  future  needs,  water  is  the  most 

Important  naturaJ.  resource  of  the  Trinity  Basin.  With  the  rapid 

growth  of  urban  population  in  the  last  20  years  there  has  been  a firm 

realization  by  responsible  interests  that  future  water  supply  is  one 
of  the  area's  most  important  concerns.  The  Trinity  River  Basin  has 
less  length  and  drainage  area  than  several  other  Texas  river  basins, 
but  due  to  the  moderate  to  heavy  rainfall  occurring  over  its  drainage 

area,  the  flow  near  its  mouth  is  exceeded  only  by  the  Sabine  and 

Neches  Rivers.  The  statistics  of  mean  annual  precipitation  show  that, 
on  the  whole,  the  Trinity  River  Basin  receives  a generous  supply  of 
fresh  water  through  rainfall.  The  water  problems,  however,  arise  not 
from  the  averages  but  from  the  extremes.  The  history  of  the  basin 
shows  a recurring  pattern  of  long  to  moderate  droughts  followed  by 
periods  of  heavy  rainfall,  sometimes  torrentieuL  in  character.  This 

is  illustrated  by  the  prolonged  drought  experienced  throughout  the 
basin  during  the  years  1950-1957>  followed  by  severe  floods  in  1957- 
'The  ralnfeill  records  for  Fort  Worth  are  typical  for  this  period.  Fort 
Worth  has  a normal  annual  rainfall  of  33-7  inches.  During  the  six  full 
yeans,  1951  through  1956,  the  annual  rainfall  ranged  from  l8.6  inches 
to  25.2  inches  euid  averaged  22. L Inches.  The  accumulated  deficiency 
during  the  period  was  over  68  inches.  The  drought  was  broken  by  heavy 
rainfall  which  began  in  April  1957  and-  extended  into  the  early  part 
of  J'one  and  totaled  28.8  Inches. 

82.  Drought  periods  cause  serious  shortages  of  water  throughout 
the  basin  to  the  cities  and  towns  which  depend  upon  the  river  for 
mimicipal  and  industrial  water  supplies  and  to  the  agricultural  areas 
which  withdraw  river  water  for  irrigation  purposes.  During  the  1950- 
1957  drought,  both  Dallas  and  Fort  Worth,  as  well  as  many  smaller 
cities,  were  forced  to  significantly  curtail  water  use  and  seek 
temporary  and  expensive  mesins  of  supplementing  their  water  supplies. 
Dallas  found  it  necessary  to  in5)ort  low  quality  water  from  the  Red  River 
Basin  as  a temporary  measure.  On  the  other  hand,  during  the  periods  of 
heavy  rainfall,  vast  quantities  of  water  flow  unregulated  and  often 
destructively  down  the  river  in  floods.  As  the  basin  develops  and 
population,  industry  and  the  general  economy  expands,  more  and  more 
water  will  be  needed.  To  a large  extent  the  only  practical  solution 
lies  in  controlling  and  regulating  the  river  so  that  flood  waters 

can  be  stored,  conserved  and  used  more  efficiently. 

83.  In  addition  to  surface  waters,  a leirge  portion  of  the  area  is 
underlaid  by  great  natural  underground  water  reservoirs.  These  ground 
water  supplies  have  played  an  important  part  in  the  economic  develop- 
ment of  the  area,  furnishing  water  for  municipal  and  industrial  needs 
and  irrigation.  In  most  of  these  aquifers  there  has  been  a general 
lowering  of  the  water  table,  but  by  future  Increase  in  the  use  of 
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surface  waters  and  the  possibility  of  recharging  the  ground-water 
reserves  by  injection  of  surface  waters,  it  is  anticipated  that 
’underground  water  resources  will  be  available  and  used  for  many 
years  in  the  future. 

QUALITY  OF  WATER.-  Maintenance  of  water  quality  and 
reduction  of  stream  pollution  are  essential  in  the  future  considera- 
tion of  water  as  a natural  resource.  The  two  primary  measures  of 
water  quality  used  (in  this  study)  are  total  dissolved  solids  and 
biochemical  oxygen  demand  (BOD).  The  total  dissolved  solids 
concentrations  of  waters  within  the  basin  presently  vary  from  a low 
of  100  milligrams  per  liter  to  a high  of  1,000  milligrams  per  liter. 
Concentrations  in  excess  of  500  milligrams  per  liter  are  very  few 
and  are  confined  to  the  lower  coastal  region.  These  high  concentra- 
tions eire  due  to  brackish  estuarine  waters  which  affect  the  mineral 
quality  of  the  river  as  far  as  40  miles  Inland.  In  general,  the 
mineral  q’uality  of  the  Trinity  Basin  can  be  described  as  good  to 
very  good. 

85.  On  the  other  hand,  the  organic  quality  of  a large  part  of 
waters  of  the  basin  is  presently  very  poor.  Above  Fort  Worth,  and 
below  the  San  Jacinto  County  line,  the  organic  quality  of  basin 
streams  can  be  classified  as  good.  This  is  due  to  light  pollution 
loads  entering  the  basin  above  Fort  Worth  and  the  self-recovery  of 
the  stream  from  the  high  loads  imposed  by  the  Fort  Worth  and  Dallas 
complex  by  the  time  the  river  reaches  the  San  Jacinto  County  line. 

Below  the  confluence  of  Marine  Creek  with  the  West  Fork  in  Fort  Worth 
and  downstream  to  Rosser  in  Kauftaan  County,  the  conditions  in  the 
river  are  generally  anaerobic  and  associated  offensive  odors  persist. 
Dcjwnstream  from  Rosser,  sufficient  tributary  dilution  and  resieration 
occur,  almost  overcoming  the  effects  of  the  organic  pollution  ’upon 
reaching  the  San  Jacinto  County  line.  The  waters  in  the  watersheds 
of  the  proposed  reservoirs,  with  the  exception  of  Tennessee  Colony 
Reservoir,  are  not  presently  subjected  to  extensive  contamination 
from  communities.  Industries,  or  other  sources. 

86.  The  future  expansion  of  population  and  industrial  activity 
with  resultant  Increased  waste  loads  being  discharged  into  the  streams 
of  the  basin  will  direct  more  attention  to  contributions  that  should 
be  made  to  the  improvement  of  water  quality  either  through  direct 
reduction  of  waste  loads,  or  by  dilution  from  increased  stream  flow. 

87.  WATER  FOR  IRRIGATION.-  In  the  Trinity  River  Basin  and 
adjacent  coastal  area,  about  68,000  acres  of  land  were  irrigated  in 
1958  with  a total  water  use  of  about  165,000  acre-feet  from  the  Trinity 
River  Basin  supplies.  Present  surface-water  irrigation  is  concentrated 
largely  in  the  lower  basin  where  water  is  diverted  from  the  Trinity 
River  for  rice  production.  There  is  some  additional  surface-water 
irrigation  on  numerous  small  tracts  scattered  along  the  Trinity  River 
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below  Dallas  and  along  several  tributaries.  In  addition  to  the 
surface-water  irrigation  there  is  some  ground -water  irrigation  in 
the  lower  portion  of  the  basin  and  on  small,  scattered  tracts 
throughout  the  basin. 

86  Based  on  the  projected  population  and  industrial  expansion 
and  Increased  water  demands  in  the  Trinity  River  Basin,  it  is 
believed  that  irrigation  in  the  future  will  remain  about  the  same 
except  along  the  Trinity  River  below  Dallas.  A study  of  available 
land  resources  revealed  that  about  h2,000  acres  between  Dallas  and 
the  Tennessee  Colony  Reservoir  site;  about  49,000  acres  between  that 
site  and  the  Livingston  Reservoir^  and  about  80,000  acres  in  the  lower 
basin  and  in  the  adjacent  coastal  area  for  a total  of  171,000  acres 
are  physically  suitable  for  sustained  permanent -type  irrigation  and 
production  of  agricultural  crops  and  have  been  considered  in  the  overall 
plan  of  development  for  the  basin  The  total  projected  water  require- 
ments for  irrigation  of  these  areas  are  3^6  million  gallons  a day  or 
about  399.100  acre-feet  per  year 

89  With  respect  to  the  80,000  acres  in  the  lower  basin  and 
adjacent  coastal  area  there  are  existing  appropriative  rights  and 
permits  which  provide  for  the  future  irrigation  water  supply  of  this 
area  However,  in  the  interest  of  developing  the  remaining  91.000 
acres  of  land  along  the  Trinity  River,  consideration  was  given  to 
Federal  project-type  facilities  From  a study  of  these  areas,  the 
Bureau  of  Reclamation  concluded  that  since  the  areas  lie  in  scattered 
tracts  along  the  river,  they  are  best  suited  for  development  by 
indiviual  landowners  rather  than  large  project-type  irrigation.  However, 
information  furnished  by  the  Soil  Conservation  Service  indicates  that 
some  Irrigable  areas  are  well -adapted  to  small  project-type  development 
under  Public  Law  566,  as  amended  The  municipal  and  industrial  return 
flows  from  the  Fort  Worth  - Dallas  area  will  provide  a large  sustained 
flow  that  will  be  physically  accessible  to  landowners  desiring  to  irrigate 
holdings  along  the  main  stem. 

90  WATER  AS  A RESOURCE.-  Water  supply  for  the  Trinity  River 
Basin  both  in  terms  of  available  resources  and  total  needs  for  the 
present  and  the  future  is  a subject  which  has  received  considerable 
attention  during  recent  years.  Many  water  supply  studies  have  been 
made  by  various  echelons  of  government  - local,  state,  and  Federal. 

Many  actions  have  been  completed  in  connection  with  the  water  supply 
for  the  Trinity  River  Basin  such  as:  the  presentations  which  have 

been  filed  with  the  Texas  Water  Commission  for  specific  allocations 
of  storage  for  water  supply  in  reservoir  projects;  the  permits  which 
have  been  Issued  by  the  Texas  Water  Commission  for  conservation 
storage  space  in  various  projects  both  existing  and  under  construction; 
the  agreements  which  have  been  consummated  that  affect  the  present 

and  future  use  of  water  resources  in  the  basin;  and  the  construction 
of  a number  of  reservoir  projects  both  single  and  multiple  purpose 
which  contain  conservation  storage. 
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91.  The  economic  development  and  growth  of  the  area  ewe 
dependent  to  a great  extent  on  the  efficient  development  of  the 
water  and  related  land  resources.  In  the  interest  of  a fully- 
coordinated  water  supply  plan,  cognizance  must  be  given  to  the 
completed  actions,  in  the  field  of  water  supply,  as  they  influence 
further  development  of  the  water  resources  in  the  bas^n. 

92.  There  are  many  other  factors  which  must  also  be  recognized 
and  evaluated  in  satisfying  the  water  supply  needs  of  the  basin  such 
as  the  specific  locations  of  the  future  needs;  the  available 
reso’orces  both  ground  and  S’urface;  the  imports  to  and  exports  from 
the  basin;  the  use  and  recirr  -lation  of  return  flow;  the  distribution 
problems;  the  expressed  policy  of  the  State  for  maximum  practiced, 
development  of  the  water  resources;  the  water  quality  aspects  both 

in  terras  of  available  supply  and  requirements  for  rehabilitation  of 
quality;  and  the  development  of  projects  consistent  with  the  concept 
of  sound  planning  and  serving  the  best  interest  of  the  people. 

93.  PROJECTED  WATER  REQUIREMENTS.-  An  evaluation  of  the 

projected  economic  development  and  the  impact  of  this  development 
on  the  basin  indicates  that  during  the  next  century  the  population 
of  the  basin  will  have  increased  about  6 times  and  the  total  water 
demands  on  the  basin  will  have  increased  from  about  38O  million  gallons 
per  day  in  1958  to  about  million  gallons  per  day  in  2020  and  to 

about  5^200  million  gallons  per  day  in  2070  as  shown  in  the  following 
tabulation; 


WATER  REQUIREMENTS 
(Million  Gallons  Per  Day) 


: Municipal 

Non-  ; 

Water  ; ; 

Sub-basin;  and 

Muni- ; 

quality;  Navi-  ; 

Irri-  ; Exports  ; TotEil 

; Industrial 

cipal; 

control;  gation; 

gation;  ; 

Upper 

1,513(1) 

15 

Year  2020 

80(2) 

0 

69 

0 

1,677 

Middle 

227 

3 

0 

0 

65 

0 

295 

Lower 

3U0 

2 

0 

57 

222 

840 

l,46i 

Total 

2,080 

20 

Bo 

57 

35B 

B5o 

3,433 

Upper 

2,797 

11 

Year  2070 
0(2) 

0 

69 

0 

2,877 

Middle 

435 

4 

0 

0 

65 

0 

504 

Lower 

666 

1 

0 

222 

840 

1,806 

Total 

379IB 

IE 

0 

57 

3^ 

B5o 

5^iB7 

^T)  Includes  Uo  MGD  yield  from  Aubrey  Reservoir  for  interim  use  as 
water  quality  control. 


(2)  00  MGD  for  water  queLLlty  control  would  be  converted  to  water 

supply  as  the  need  develops. 
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9^.  ESTIMATED  WATER  SUPPLY.-  The  water  supply  for  the  Trinity 
River  Basin  has  been  considered  on  the  basis  of  three  general  geographic 
areas  of  demand  based  on  the  system  of  water  supply  developments  and 
their  probable  intended  use.  The  upper  basin  which  comprises  all  of 
the  drainage  eu"ea  above  Tennessee  Colony  Dam;  the  middle  basin  which 
includes  the  area  from  Tennessee  Colony  Dam  to  the  headwaters  of 
Livingston  Reservoir;  and  the  lower  basin  which  consists  of  Livingston 
Reservoir  and  the  area  downstream  therefrom.  The  lower  basin  require- 
ments also  include  the  demands  on  the  basin  for  exports  to  Houston, 

Texas  and  the  Irrigation  demands  in  the  adjacent  coastal  area. 

95.  Water  supply  in  the  basin  will  be  a problem  if  water 
resources  are  not  developed  sufficiently  in  advance  to  satisfy 
projected  needs.  In  the  Trinity  River  Basin,  about  235  million 
gallons  of  water  per  day  were  used  in  1958  for  municipal  and 
industrial  purposes.  At  the  present  time  the  water  resources  of  the 
basin  from  in-basln  supplies  and  importations  are  about  l.U  billion 
gallons  of  water  per  day.  These  resources  are  more  than  adequate  to 
satisfy  the  projected  demands  for  1975*  In  the  Trinity  Basin  where 
wide  variations  in  stream  flow  are  experienced,  supply  and  demand  and 
distribution  of  the  water  resource  is  a continuing  problem. 

96.  YIELDS  FROM  EXISTING  SURFACE  SOURCES.-  At  the  present  time 
there  are  both  existing  and  authorized  facilities  to  cope  with  these 
problems  as  they  exist  today.  The  tabulation  that  follows  indicates 
that  under  2020  conditions  of  basin  development  water  yields  of  about 
1,390  million  gallons  per  day  can  be  expected  from  existing,  under 
construction  and  authorized  projects,  and  projects  recommended  for 
authorization  in  prior  reports. 
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PRIMARY  RESERVOIR  YIELDS  (million  gallons  per  day)  (l) 


Reservoir  Project  (2)  ; 

Upper  Basin  : Lower 

Basin  : 

Total 

Federal  : Non- 

-Federal:  Federal  : 

Non-FedereLL: 

Existing, 

Under  Construction  and  Authorized 

Benbrook 

6.5 

Grapevine 

10.1 

Geu-za-Llttle  Elm 

86.0 

Lavon 

35-5 

Navarro  Mills 

18.1 

Bardwell 

4.2 

Bridgeport 

50.4 

Eagle  Mtn  & Lake  Worth 

17-5 

Weatherford 

0.6 

Arlington 

5.8 

White  Rock 

1-9 

Forney 

58.8 

Tawakonl  (iron  Bridge) 

(imports) 

174.0 

Terrell 

0.6 

Cedar  Creek 

173-2 

Waxahachie 

1-9 

Flat  Creek 

(imports) 

6.0 

Livingston 

670.9 

Anahuac 

13. 

Totals 

168.4 

490.7 

684.3 

1,343-4 

Recommended  for  Federal 

Authorization  in 

Previously  Submitted  Reports 

Lavon  (enlargement) 

42.7 

Wallisvllle 

(3) 

Totals 

42.7 

42.7 

XT)  Based  on  recurrence  of  1950-1957  critical  dry  period  under  2020 


conditions  of  watershed  development. 

(2)  No  projects  in  Middle  Basin. 

(3)  Included  with  yield  of  Livingston  Reservoir. 
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97.  PROPOSALS  TO  SOLVE  RESIDUAL  WATER  REQUIREMETJT  NEEDS.-  In 
consideration  of  means  to  meet  the  existing  and  potential  water  srnply 
needs  in  the  Trinity  River  Basin  6lI1  known  physical  possibilities  :>r 
improvement  or  development  of  the  water  resources  of  the  basin  were 
given  study.  Investigations  were  made  of  various  dam  and  reservoir 
sites  and  the  physical  effects  of  each  site  were  evaluated  and 
compai-ed  in  tenns  of  potential  for  meeting  water  supply  needs  and 
their  possibilities  for  solutions  of  other  problems,  particulai'ly 
flood  problems.  The  obviously  unjustified  and  least  favorable  projects 
were  eliminated  from  f-ui-ther  consideration  and  more  detailed  study  was 
given  to  the  more  favorable  sites.  Projects  were  considered  both 
singly  and  in  combination  to  determine  the  most  practical  solution  to 
the  basin's  water  problems.  The  extent  of  consideration  given  to  each 
project  varied  but  was  sufficiently  thorough  in  each  case  to  provide 
a sound  conclusion  concerning  its  suitability.  More  than  40  potential 
reservoir  sites  throughout  the  basin  were  studied.  Twenty-two  of  the 
reservoir  sites  on  the  main  stem  of  the  Trinity  River  and  major 
tributaries  were  selected  as  having  favorable  locations,  topography, 
and  effectiveness  for  this  study.  In  consideration  of  solutions  to  the 
flood  problems  of  the  basin,  studies  showed  that  Lahevlew  and 
Tennessee  Colony  Reservoirs  were  desirable  adjuncts  to  the  existing 
Trinity  River  plan  (see  Paragraphs  49  and  5l) • Preliminary  considera- 
tions cleai'ly  show  that  these  reservoirs  would  also  be  efficient  sites 
for  water  supply  pur-poses  primarily  because  of  their  favorable 
location  with  respect  to  the  high  demand  ai-ea  of  the  Fort  Worth  - Dallas 
complex.  Studies  eilso  showed  that  Roanoke  and  Aubrey  Reservoirs  should 
also  be  incl-uded  in  the  plan  to  help  meet  the  water  supply  and  q-ual:ty 
needs  of  the  area.  A system  of  13  other  reservoirs  was  also  found  to 
be  desirable  additions  to  the  Trinity  River  plan,  primar-lly  to  meet 
future  long-range  water  supply  needs  and  secondly  for  their  potential 
use  to  solve  localized  flood  problems  that  ai-e  likely  to  develop  as 
the  economy  expands.  In  selecting  the  number  and  size  of  these  projects, 
a primary  consideration  was  the  water  use  agreement  between  the  Trinity 
River  Authority  and  the  city  of  Houston,  Texas,  pertaining  to  the 
Livingston  and  Walllsville  Reservoirs.  The  terms  of  this  agreement  with 
respect  to  water  resources  development  by  reservoir  projects  have  been 
included  in  the  water  permits  issued  by  the  Texas  Water  Commission, 
and  have  established  a control  with  respect  to  the  location  and  the 
degree  ox  uevelopment  of  the  resources  for  utilization  within  the  basin. 
Other  primary  factors  considered  were  existing  water  permits  by  the 
State  to  in-basin  water  users;  importation  of  water  from  adjoining 
basins;  location  of  ai-eas  of  projected  economic  development;  available 
yields  from  existing,  under  construction,  and  proposed  water  supply 
reservoirs;  and  the  State's  policy  for  maximum  practical  development 
of  river  basin  water  resources.  The  yields  of  those  reservoirs  ai-e 
in  general  in  agreement  with  the  permissible  limits  of  upper  basin 
development  as  established  by  the  Texas  Water  Commission  in  their 
permit  dated  October  11,  i960,  to  the  Trinity  River  Authority  and 


the  city  of  Houston.  All  these  reservoirs  are  In  the  Trinity  River 
Authority  Master  Plan.  Richland,  Tehuacana,  and  Boyd  Reservoirs  are 
considered  as  a part  of  the  long-range  water  supply  plan  for  the  city 
of  J'ort  Worth.  The  following  tabulation  shows  the  yield  from  the 
reservoirs  in  the  long  range  plan. 

RESERVOIR  YIELDS  (l) 

(million  gallons  per  day) 


Reserv'olr  project  : Upper  basin  : Middle  basin  : Lower  basin  : Total 

RECOMMENDED  FOR  INCLUSION  IN  LONG  RANGE  PLAN 
BUT  NOT  FOR  AUTHORIZATION  AT  THIS  TIME(2) 


Boyd 

31-7 

Richland  Creek 

169.3 

Tehuacana 

56.9 

Upper  Keechi 

H’orricane 

17.5 

Lower  Keechi 

25.2 

Bed i as 

94.4 

Harmons 

16.8 

Gail 

31.0 

Mustang 

25.2 

Caney 

25.2 

Long  King 

Capers  Ridge 

289.6 

Total 

257.9 

3h.O 

9o-0 

132 . 9 680 . 4 


TD  Based  on  recurrence  of  1950-1957  critical  dry  period  under 
j 2020  conditions  of  watershed  development. 

j (2)  Authorization  studies  will  be  required  to  determine  the  extent 

I of  Federal  participation. 

I 

I 

I 

I 

\ 


r 
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i '}Q.  I'ppEI^  MSIN  WATER  SUPPLY.-  In  the  upper  basin  the  projected 

water  requirements  for  years  2020  and  2070  can  be  satisfied  from  the 
water  resources  shown  in  the  following  tabulation. 

UPPER  BASIN  WA'TER  SUPPLY 


Water  Resources 

Available  Supply 
(Million  gallons  per  day) 
2020  2070 

Reservoirs  - existing,  under 
construction,  & authorized 

^79-1 

479.1 

Importations 

17k. 0 

180.0 

Reservoirs  previously  re- 
commended for  authorization 

L2.7 

42.7 

Reservoirs  recommended  for 
authorization  in  this  report 

LlO.4 

410.4 

Sub-total 

1,106.2 

1,112.2 

Potential  long-range  reservoir 
projects 

257.9 

257.9 

Total  reservoirs 

1,364.1 

1,370.1 

Additional  use  of  gro'ond  water, 
return  flows,  and  possible 
importations 

312.9 

1,506.9 

Total  developed  resources 

1,677.0 

2,877.0 

The  upper  basin  has  the  water  resource  potential  to  satisfy  the  pro- 
jected needs  for  the  next  century  (2020  - 16T7  MOD  and  2070  - 2677  MOD) 
based  on  an  orderly  development  of  the  reservoir  projects  sufficiently 
In  advance  of  the  needs,  the  progressive  increase  in  the  use  of  ground 
water  within  the  practical  limits  of  available  supply,  the  reuse  of 
water  by  recirculation,  and  by  a continuation  of  the  existing  importa- 
tions. Planning  studies  Indicate  that  previously  referred  to  Ladteview, 
Lavon  enlargement,  and  Tennessee  Colony  Reservoirs  plus  Aubrey  Reservoir 
above  Garza-Little  Elm  Reservoir  and  Roanoke  Reservoir  above  the 
Grapevine  Reservoir  - all  in  addition  to  the  existing,  under  construction, 
and  authorized  projects  should  be  considered  for  added  elements  to  the 
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^ > Trinity  plan,  l.akeview  and  Lav'-r.  enlargenjent  could  be  used  to  satisfy 

ir.'.micipeu  and  industrial  water  requirements;  whereas,  the  yield  from 
! the  Tennessee  Colony  Reservoir  and  Aubrey  Reservoir  Fh'ojects  could 

serve  dual  p.uq)oses  --  a source  for  dilution  water  and  water  supply'  for 
municipal  and  Industrial  purposes. 

99-  Studies  show  there  is  an  immediate  need  for  120  million 
gallons  of  water  per  day  for  water  qiality  control  in  the  Fort  Worth- 
Pallas  area  which  would  be  reduced  to  80  million  gallons  pe:’  day  by 
year-  j.985  and  be  practically  eliminated  by  yeai'  20'-t0.  The  80  million 
gallons  per  day  of  water  could  be  conveyed  by  a 98  mile  long  pipeline 
from  Tennessee  Colors/  Reservoir  to  the  existing  Benbrook  Reservoir. 
Releases  could  then  be  made  from  this  project  to  satisfy  water  quality 
control  requirements  on  t.he  West  Fork  of  the  Trinity  River.  In  the 
I Dallas  area  the  major  portion  of  the  yield  from  Aubrey  Reservoir  for 

the  first  few  years  could  be  used  in  the  interest  of  water  quaLLity 
control  on  the  'Trinity  River  below  Dallas.  As  the  demand  for  m'jnicipal 
arid  industrial  water  supply  increases  in  the  Dallas  area  a transition 
in  use  would  be  made  from  water  quality  to  municipal  and  industrial. 

100.  The  reduction  in  dilution  water  requirements  from  Tennessee 
Colony  and  Aubrey  Reservoirs  and  the  progressive  increase  in  re-use 

f of  water  are  predicated  upon  improvements  in  sewage  treatment  processes. 

Professional  opinions  forecast  that  technological  ingsrovements  in  the 
field  of  treating  m’onicipal  and  industrial  wastes  will  be  accomplished 
in  the  foreseeable  fut'ure,  and  thereby  peniiit  the  re-use  of  significant 
vol’uraes  of  waste  water. 

101.  Ultimately,  total  resources  of  the  Tennessee  Colony  Reservoir 
could  be  used  in  the  upper  basin  thro’ugh  development  of  reservoir 
projects  in  the  middle  basin,  which  will  be  coordinated  with  upstream 
needs,  and  reservoir  development  in  an  orderly  manner  to  permit  a 
transfer  of  use  from  the  middle  to  the  uppei’  basin.  From  the  Tennessee 
Colony  Reservoir  sufficient  volumes  of  good  quality  water  could  be 
recirculated  to  supplement  the  supply  from  reservoirs,  ground  water 
and  importations  to  satisfy  the  projected  requirements.  Releases  to 
satisfy  navigation  requirements  will  be  made  from  Tennessee  Colony 

1 Reservoir.  'The  construction  of  the  Roanoke  Reservoir  project  can 

I be  phased  into  the  overall  demand  pattern  for  the  upper  basin  when 

I the  need  becomes  apparent.  Supply  and  demand  curves  for  the  basin 

follow  presentation  of  the  middle  and  lower  portions  of  the  basin. 

The  plan  and  profile  for  the  proposed  pipe  line  for  water  quality 
control  and  possible  future  water  supply  ai’e  shown  on  plate  25.  Plate 
' 23,  Tennessee  Colony  Reservoir  map,  also  shows  the  pipe  line  location 

! with  respect  to  the  reservoir. 
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102.  MIDDLE  BASIN  WATER  SIJPPLY.-  The  projected  water  requirements 
of  the  middle  basin  for  years  2020  (295  MOD)  and  2070  (50^  MOD)  ceui 
be  satisfied  from  the  water  resources  shown  in  the  following  tabulation: 

MIDDLE  BASIN  WATER  SUPPLY 


Available  Supply 
(Million  gallons  per  day) 

Water  Resources 2020 2070 


Reservoirs  - existing,  under 
construction  & authorized 


0 289.6 


In5)ortations 


0 


0 


Reservoirs  previously  re- 
commended for  authorization 


0 


0 


Reservoirs  recommended  for 
authorization  in  this  report 


0 


0 


Sub-total 


0 289.6 


Potential  long-range  reservoir 
projects 


Total  reservoirs 

Additional  use  of  ground  water, 
return  flows,  and  possible 
importations 

Total  developed  resources 


289,6 

0 

289.6 

289.6 

5.4 

21U.4 

295.0 

504.0 

This  portion  of  the  basin  has  repeatedly  experienced  major  floods 
which  perhaps  is  the  major  single  controlling  factor  that  has 
curtailed  the  development  of  the  natural  resources  in  this  area. 

There  are  a number  of  excellent  damsltes,  with  locations  shown  on 
plate  1,  which  afford  opportunities  for  the  development  of  the 
surface  water  resources.  Construction  of  the  multiple-pxurpose 
channel  through  this  reach  of  the  basin  will  eliminate  the  major 
flood  problem  and  attract  development  along  the  channel.  Initially 
the  water  supply  demands  of  this  area  could  be  met  from  the  Tennessee 
Colony  Reservoir  project.  As  the  water  supply  needs  develop  through- 
out the  middle  basin  many  of  the  other  referenced  damsites  are 


f 


expected  to  be  developed  and  the  demand  on  Tennessee  Colony  could  be 
tremsferred  from  the  middle  basin  to  the  upper  basin.  In  addition 
to  the  reservoir  yields,  ground  water  and  reuse  of  water  could  be 
used  in  sufficient  quantities  to  satisfy  the  projected  needs  for 
the  middle  basin. 


( 103.  LOWER  BASIN  WATER  SUPPLY.-  In  the  lower  basin  the  total 

projected  water  requirements  for  yeai's  2020  (1U61  MOD)  and  2070 
( (1806  mod)  which  include  an  export  to  Houston  of  840  million  gallons 

I per  day  and  222  million  gallons  per  day  for  irrigation  in  the 

1 adjacent  coastal  area,  could  be  satisfied  from  the  water  resources 

1 shown  in  the  following  tabulation: 

LOWER  BASIN  WATER  SUPPLY 


Water  Resources 

Available  Supply 
(Million  gallons  per  day) 

2020  2070 

Reservoirs  - existing,  under 
construction  & authorized 

68U.3 

817.2 

Importations 

0 

0 

Reservoirs  previously  re- 
commended for  authorization 

0 

0 

Reservoirs  recommended  for 
authorization  in  this  report 

0 

0 

Sub-total 

684.3 

817.2 

Potential  long-range  reservoir 
projects 

132.9 

0 

Total  reservoirs 

817.2 

817.2 

Additional  use  of  ground  water, 
return  flow,  and  possible 
importations 

643.8 

988.8 

Total  developed  resources 

1,461.0 

1,806.0 

The  Livingston  Reservoir,  being  developed  by  local  interests,  will  be 
operated  in  combination  with  the  Wallisville  Reservoir  project 
(recommended  for  authorization  in  a separate  report)  as  a coordinated 


system  for  maximum  utilization  of  the  nmoff  from  the  uncontrolled 
draina^'e  area  between  those  projects  and  the  return  flow  from  the 
upstream  areas.  As  the  water  supply  needs  in  the  lower  basin  develop 
beyond  the  supply  available  from  the  Livlngstcn  - Wallisville  system, 
ground  water,  and  reuse,  the  Long  King  Reservoir  and  Capers  Ridge 
Reservoir  projects  could  be  developed  as  supplemental  supplies  to 
satisfy  the  projected  needs  for  year  2070. 

104.  SUMMARY  OF  SUPPLY  AND  DEMAND  FOR  TRINITY  WATER  RESOURCES. - 
The  foregoing  planning  considerations  have  been  accomplished  within 
the  framework  of  legal  requirements,  physical  yield  of  streams  and 
of  -undergro’und  water  sources,  topographic  and  physical  site  limita- 
tions at  damsites  and  reservoir  areas,  and  most  importantly,  on  an 
inescapable  conclusion  that  the  overall  need  and  demand  for  the 
development  of  the  water  resources  of  the  Trinity  Basin  is  a 
certainty.  However,  the  exact  time  and  place  of  need  and  demand 

is  not  as  certain.  To  meet  this  'uncertainty  one  of  the  built-in 
objectives  of  planning  considerations  used  in  this  st’udy  has  been 
to  develop  a plan  that  is  amendable  to  vai'ious  combinations  of 
projects  and  uses  to  meet  the  demands  of  localized  areas  that  may 
develop  differently  in  yields  and  time  than  now  envisioned. 

Table  11  that  follows  is  a s’uramai'y  of  estimated  water  requirements 
in  the  years  2020  and  2070  by  6 categories  of  uses  and  it  also 
shows  3 tnajor  physical  methods  of  developing  the  water  resources 
to  meet  the  project  requirements.  A basic  element  in  rationalization 
of  the  merits  of  the  various  projects  inevitably  concerns  the  costs 
and  benefits  in  terns  of  use.  This  is  treated  in  subsequent  paragraphs. 

105.  PROJECTS  TO  DEVELOP  TRINI'TY  WATER  RESOURCES.-  As  previously 
pointed  out,  st’udles  of  some  reservoir  sites  showed  that  19  of 
these  sites  heid  merit  with  respect  to  development  of  the  water 
resources  in  the  Trinity  River  Basin.  Data  on  these  projects  are 
given  in  table  12. 
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.eludes  40  MOD  yield  from  Aubrey. 

MOD  for  water  quality  control  would  be  converted  to  water  supply  as  the  need  develops. 
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(T)  Cost  of  sla rle-p’orpose  conservation  reservoir.  (2)  Net  yield  effected  by  exchange  of  storages. 
(3)  Allocated  cost  of  water,  $0,051  per  thousand  gallons.  (4)  Allocated  cost  of  water,  $0.060  per 
thousand  gallons.  (5)  Allocated  cost  of  water,  $0,035  per  thousand  gallons.  (6)  Allocated  cost 
of  water,  $0,010  per  thousand  gallons. 


106.  LONGr-F\AMGK  KESEKVOTR  PRO-.T^CTS.-  From  the  foregoing  paragraphs 
and  rationalization  of  the  need  for  development  of  the  Trinity  water 
resources  it  is  readily  apparent  that  serious  consideration  should 

not  be  given  at  this  time  to  the  construction  of  13  of  the  smaller 
reservoirs  because  of  their  relative  costs  in  terns  of  yield,  the  year 
of  probable  demands  for  water  supply  therefrom,  and  their  flexibility 
and  suitability  to  be  placed  imder  construction  within  a relatively 
short  period  of  time  confident  that  their  construction  and  contributions 
would  be  compatible  with  the  comprehensive  plan  for  the  Trinity  Basin. 

For  these  and  other  reasons,  more  comprehensive  treatment  was  not  given 
in  the  study  to  design,  costs,  eind  economics  of  the  referenced  I3 
reservoirs.  However,  the  studies  m.ade  are  sufficiently  thorough  in 
each  case  to  provide  a so-ond  conclusion  concerning  their  desirability 
as  elements  of  any  long-range  plan  for  the  Trinity  River  Basin. 

107.  OTHER  RESERVOIRS  - fENT.'ESSEE  COLONY.-  Paragraph  ^4-7  presents 
the  preliminary  considerations  that  were  used  as  a basis  for  the 
conclusion  that  a reservoir  at  the  Tennessee  Colony  site  would  be  highly 
efficient  for  storage  of  water  to  prevent  flooding  in  the  lower  basin 
and  of  its  possible  merit  for  the  development  of  the  water  resources 

of  the  basin.  A single-purpose  flood-control  project  (2,192,L00  acre- 
feet)  at  the  Tennessee  Colony  site  comparable  in  design  and  q’oality  of 
cost  estimates  to  the  recommended  multiple -purpose  project  to  the 
Tennessee  Colony  site  would  cost  in  the  magnitude  of  $56,360,000  and 
the  ann'ual  charges  would  be  $1,969,800.  The  benefit  cost  ratio  for 
the  flood-control  only  project  was  1.6.  As  previously  pointed  out 
in  paragraphs  9^-99j  the  Tennessee  Colony  site  has  a practical  maximum 
yield  of  about  2'10.8  million  gallons  per  day  that  could  be  used  to 
satisfy  municipal  and  industrial  requirements  and  to  provide  a source 
of  dilution  for  water  quality  control  in  the  Fort  Worth  - Dallas  area. 

The  most  significant  upstream  pollution  source  in  the  basin  is  the 
city  of  Fort  Worth.  Other  major  sources  ai'e  the  Trinity  River  Authority 
sewage  disposal  plant  and  the  city  of  Dallas  in  that  order.  There  is 
no  water  available  for  quality  control  in  basin  reservoirs  upstream 
from  Fort  Worth.  The  first  sta^.re  of  development  to  meet  water  quality 
requirements  would  be  a pipeline  from  Terinessee  Colony  Reservoir  to 
Benbrook  Reservoir  wnich  would  transpor'^  a yeai'ly  average  of  80  million 
gallons  per  day.  This  water  initially  would  be  released  from  Benbrook 
Reservoir  to  satisfy  monthly  needs  varying  from  I36  million  gallons 
per  day  in  July  to  29  mlllior.  gallons  per  day  in  January.  Aubrey 
Reservoir  would  provide  additional  releases  amo.intlng  to  an  annual 
average  of  million  gallons  per  day  initlsLlly  to  abate  the  pollution 
imposed  by  the  city  of  Dallas.  This  first  stage  development  would 
satisfy  water  q’uallty  needs  in  the  upper  basin  until  the  year  I985. 
Additional  treatment  to  improve  the  oxygen  economy  in  the  effluents 
of  the  Fort  Worth,  Trinity  River  Authority,  and  Dallas  waste  treatment 
plants  are  expected  to  obtain  by  the  year  1985-  This  additional  treat- 
ment, coupled  with  80  million  gallons  per  day  of  dilution  water  frcin 
Tennessee  Colony  Reservoir  would  be  adequate  to  satisfy  water  quality 
needs  in  the  upper  Trinity  River  Basin  until  the  year  2020. 
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103.  After  the  year'  2020,  the  water  from  Tennessee  Colony 
Reservoir  weald  be  needed  to  meet,  rn'inlclpol  and  indastrial  requirements 
in  the  upper  basin  and  should  revert  to  this  use  completely  by  the 
yea'  2040.  In  all  probability,  waste  treatment  technolocy  will  have 
advanced  sufficiently  to  negate  the  need  for  qual.ity  control  water 
beyond  the  yea*  2020.  The  period  of  20  years  between  2020  and  2040 
allows  for  stage  construction  of  such  facilities.  On  this  premise, 
no  needs  for  quality  control  wat.er  are  envisioned  beyond  this  yea'. 

109.  The  cost  of  a single-purpose  water  conservation  reservoir  at 
the  Tennessee  Colony  site  to  provide  a yield  of  290.8  million  gallons 
per  day  (l,040,000  acre-feet)  cong)arabIe  in  design  and  quality  of 
cost  estimate  for  the  recommended  multiple-purpose  project  would  be 
$41,710,000  and  the  anniial  charges  would  total  $1,525,700.  The  water 
conservation  benefits  a'e  estimated  to  be  $1,84.4,100.  The  benefit- 
cost  ratio  wo'uld  be  1.2.  The  advantage  of  joint  use  of  the  Tennessee 
Colony  site  for  flood  control  and  water  conservation  is  demonstrated 
in  the  following  tabulation.  The  area  and  location  of  Tennessee 
Colony  Reser'/oir  are  shown  on  plate  23. 

Item 


Cost  of  dual-p’urpose  project 
Cost  of  single -purpose  flood-control 
project 

Cost  of  single-purpose  water  supply 
project 

Incremental  cost  of  water  supply  to 
flood  control 

Incremental  flood  control  to  water  supply 
Annual  charges  dual-purpose  project 
Annual  charges  single-purpose  flood  control 
Incremental  costs  of  water  supply 
Water  supply  benefits 
Benefit-Cost  Ratio 

110.  Al.rBREY  - GARZA- LITTLE  ELM  RESERVOIR  SYSTEM.-  The  Aubrey 
Dam  Site  is  located  at  mile  60.O  on  the  Elm  Fork  Trinity  River, 

30  river  miles  upstream  from  the  existing  Lewisville  Dam  (Gaj'za- 
Little  Elm  Reservoir) . The  site  was  investigated  in  the  interest 
of  facilitating  the  development  of  additional  conservation  storage 
and  was  'ondertebcen  on  an  exchange  of  storage  basis  with  the  existing 
Garza-Little  Elm  Reservoir,  Aubrey  would  provide,  in  combination  witl 
Garza-Little  Elm  Rese;'voir,  the  same  degree  of  flood  control  as  that 
provided  by  the  existing  project.  Sufficient  flood-control  storage 
would  be  retained  in  Goi'za- Little  Elm  Reservoir  to  regulate  the  flood 
runoff  originating  on  the  976  square  miles  of  intervening  area. 
Flood-control  storage  allocated  to  Aubrey  Reservoir  would  allow  for 
runoff  rates  resulting  from  a relatively  greater  ai'eal  distribution  of 
higher  rainfall  intensities  on  the  smaller  drainage  area  controlled  by 


Cost 

$77,300,000 

56.380.000 

41.710.000 

20.920.000 

35.590.000 
2,789,500 
1,989,800 

799,700 

1,844,100 

2.3 
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the  Aul  rey  Dsui;.  Ja."za-Little  F;im  Reservoir  now  contains  1,002,900 
acre-fret  of  controlled  storajj;e  aj^acity  of  which  913^^0  acre-feet 
ac'e  for  flood  control,  436, 000  acre-feet  for  water  conservation,  and 
53)500  acre-feet  for  sediment  reserve.  The  proposed  Aubrey  Reservoir 
wo'old  contain  899)900  acre-feet  of  controlled  storage  capacity  of 
which  258,300  acre-feet  woiuld  be  for  flood-control,  603,800  acre-feet 
for  water  conser”’ation,  and  37,800  acre-feet  for  sediment  reserve.  The 
flood-control  stora<3e  propose!  for  Aubrey  Reservoir  would  permit  a 
reallocation  of  stora^^e  in  Garza-Little  Elm  Reservoir  and  increase 
that  storat';e  presently  allocated  to  water  conservation.  Garza-Little 
ELm  Reservoir  reallocated  storat^es  would  consist  of  1,002,900  acre-feet 
of  controlled  storage  capacity  of  which  33L,600  acre-feet  would  be  for 
flood- control,  630,600  acre-feet  for  water  conservation,  and  Lo,700 
acre-feet  for  sediment  resei*ve.  Under  2020  conditions  of  watershed 
developmen'*’  and  a ’■ec’urrence  of  the  1950-1957  drought  period,  the 
dependable  yield  froir  the  proposed  Aubrey-Garza-Little  Elm  Reservoir 
'.ystem  Is  estimated  to  be  23^  cubic  feet  per  second  or  151-3  million 
gSLllons  per  day.  This  represents  an  increase  of  dependable  yield  of 
101  cubic  feet  per  second  or  65.3  Tiilllon  gallons  per  day. 

111.  As  pointed  out  previously,  water  yield  from  storage  in  Aubrey 
wo'uld  be  used  initially  in  the  interest  of  water  quality  control  on  the 
Trinity  below  Dallas.  As  the  demand  for  municipal  and  industrial  water 
supply  increases  ’n  the  Dallas  area,  a ’ransition  in  use  wo'uld  be  made 
from  water  quality  *0  manlcipal  and  industriai  use  For  planning  purposes 
the  transition  nas  been  estimated  to  accrue  about  the  year  I985  plus  or 
minus  a few  years.  Subsequently,  the  entire  yield  would  be  dedicated  to 
municipal  and  industrial  water  supply  purposes  The  cost  of  a single- 
purpose water  supply  project  to  develop  the  increased  yield  of  101  cubic 
feet  per'  second  is  e si '.mated  to  be  $2U,2L0,000.  The  annual  charges  and 
benefits  are  estimated  to  be  $889,500  and  $1,085,200,  respectively,  and 
the  benefit-co£‘  ratio  is  1.2.  The  Incremental  cost  of  water  supply  in 
the  Aubrey  Reservoir  project  to  effect  the  exchange  of  storage  is 
$^3)97^)'^^)  which  indicates  a saving  of  about  $266,000  over  the  single- 
p'oipose  water  supply  project.  The  location  and  area  of  Aubrey  Reservoir 
are  s.h',  WTi  on  plate  26. 

112.  ROAIiOKE  - GRAPEVIIIE  RESERVOIR  SYSTEM.-  The  Roanoke  Dam  Site 
is  located  at  mile  32-0  on  Denton  Creek  20  3 river  miles  upstream  from 
Grapevine  Dam.  This  site  was  investigated  in  the  interest  of  further- 
ing the  development  of  addltloneH  conservation  storage  and  as  in 

the  case  of  the  proposed  Aubrey  Reservoir,  studies  were  undertaken  on 
an  exchange  of  storage  basis  with  an  existing  Corps  of  Engineers 
reservoir  located  downstream.  Roanoke  would  provide,  in  combination 
with  Grapevine  Resernroir,  the  same  degree  of  flood  control  as  that 
provided  by  the  existing  Grapevine  Reservoir.  Drainage  ai'eas  at  the 
Roanoke  Drm  Site  and  Grapevine  Dam  are  60u  and  69L  square  miles, 
respectively.  Sufficient  flood-control  storafje  is  retained  in  Grapevine 
Reservoir  to  regulate  the  flood  runoff  originating  on  the  90  square 
miles  of  intervening  area.  Flood-control  storage  allocated  to  Roanoke 
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Reservoir  w'uld  allow  for  rnnoff  rat.es  resulting  from  a relatively 
greater  ai'eai  distribution  of  higher  rainfall  intensities  on  the 
smaller  drainage  area  controlled  by  the  Roanoke  Dam. 

113.  Grapevine  Reservoir  now  contains  ^35,500  acre- feet  of 
controlled  storage  capacity  of  which  238,250  acre-feet  are  for  flood 
control,  161,250  acre- feet  for  water  conservation,  and  38,000  acre- 
feet  for  sediment  reserve,  'fbe  proposed  Roanoke  Reservoir  would 
contain  2^9,900  acre-feet  of  controlled  storage  capacity  of  which 
223.700  acre-feet  would  be  for  flood  control,  and  26,200  acre-feet 
for  sediment  reserve.  The  flood-control  storage  proposed  for  Roeinoke 
Reservoir  would  permit  a reallocation  of  storage  in  Grapevine  Reservoir, 
and  increase  that  storage  presently  allocated  to  water  conservation. 
Grapevine  Reservoir  storages  resulting  from  the  reallocation  would 
consist  of  ‘t35,500  acre-feet  of  controlled  storage  capacity  of  which 
I?; 300  acre-feet  would  be  for  flood-control,  372,200  acre-feet  for 
water  conservation,  and  l6,000  acre-feet  for  sediment  reserve.  The 
dependable  yield  from  the  Grapevine  Reservoir,  with  the  reallocation 
.made  possible  by  the  flood-control  storew^e  in  Roanoke  Reservoir, 

UTider  2020  conditions  of  watershed  development  and  a recurrence  of 
the  19 50- 1957  drought  period  Is  65  cubic  feet  per  second,  or  U2  million 
gallons  per  day.  This  represents  an  increase  in  yield  of  37  cubic 
feet  per  second  or  23-9  million  gallons  per  da>'  over  that  which  would 
be  produced  by  Grapevine  Reservoir  aJore. 

The  need  for  storage  in  the  Roanoke  Reservoir  for  conservation 
uses  Is  expected  to  be  25  or  30  yeai's  hence.  For  manv  years  the  Roanoke 
damsite  and  reservoir  area  has  been  the  subject  of  study  by  various 
goverrunent al  units  ir  the  interest  of  water  supply,  flood  control  and 
other  purposes  Rcaaoke  has  been  Included  In  the  comprehensive  Trinity 
River  plan  by  the  Trinity  River  Authority,  the  U.  S Study  Commission  - 
Texas,  and  ir  the  long-range  plan  of  the  city  of  Dallas.  The  larid 
needed  for  the  Roanoke  project  to  permit  additional  development  of  the 
water  resources  yield  in  Grapevine  Reservoir  comprises  about  13,200 
acres.  The  land  and  Improvements  thereon  are  presently  used  primarily 
for  agriculture  The  city  of  Justin  (population  622)  is  located  in 
the  headwater  areas  as  is  the  Gulf  Colorado  and  Santa  Fe  Railroad  and 
farm-to-market  highwa,ya  I56  and  and  State  Highway  llA  crosses  the 

.Henrietta  Creek  arm  of  the  reservoir  Other  secondary  roads,  utilities, 
and  fam  houses  are  located  in  the  reservoir  area.  The  cost  of  lands 
and  improvements  totals  about  $3,500,000. 

115.  Consideration  of  the  pattern  of  economic  growth  in  the  ar  ..iS 
of  the  Roanoke  Reservoir  strongly  suggests  that  extensive  development 
can  be  expected  to  take  place  before  water  supply  demands  are  likely 
to  develop.  Such  development,  if  not  limited,  would  preclude  the  later 
construction  of  the  Roanoke  Reservoir  because  of  the  high  cost  for  lands, 
relocations  and  damages.  For  these  and  other  reasons,  it  is  recommended 
in  the  report  that  an  Interest  be  acquired  in  the  necesseu-y  land  in 
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advance  'f  cuusf.ruct  Icn  as  to  preserve  the  damslte  and  reservoir 
ai'ea  from  encroachmen:  by  fut’ore  residential,  commercial  , Industrial, 
ar.d  otlier  development.  The  interest  in  land  to  be  acquired  would  be 
the  nlnim’um  necessary  consistent,  with  * he  objective  of  site  and 
reservoir  preservation.  Reliance  would  be  placed  with  non-Federal 
authorities  on  tax  rolls  and  control  development  'until  the  Roanoke 
project  is  needed  for  the  development  of  water  reso’urces.  Such 
measures  would  include  provisions  for  advanced  participation  and 
construction  or  reconstruction  of  the  transportation  and  utility 
facilities  where  necessoi'y-  For  purposes  of  this  study  it  has  been 
concluded  that  revenue  and  net  Income  from  the  land  and  improvements 
would  liqiiidate  the  ani^ual  charges  of  the  cost  of  interest  acq'uired 
in  reservoir  land.  The  cost  of  a single-purpose  water  supply  project 
to  develop  the  increased  yield  of  37  cubic  feet  per  second  is  estimated 
to  be  $15,505,000.  The  annual  charges  and  benefits  are  estimated  to 
bo  $551,700  and  $683,700,  respectively,  and  the  benefit-cost  ratio  is 
1.2.  The  incremental  cost  of  water  supply  in  the  Roanoke  Reservoir 
project  to  effect  the  exchange  of  storage  is  $15,330,000  which  indicates 
a saving  of  about  $175,000  oyer  the  single-purpose  water  supply  project. 
The  location  and  Etrea  of  Roanoke  Reservoir  is  shown  on  plate  2$. 

116.  iAKEVIEW  RESERVOIR.-  Information  previously  presented  with 
respect  to  possible  solution  to  the  flood  problems  in  the  area  showed 
a reservoir  at  the  Lakeview  site  was  highly  efficient  in  control  of 
flood  flows  originating  on  the  Mo’untain  Creek  watershed.  A single- 
purpose flood-control  project  at  that  site  had  a benefit-cost  ratio 
of  2.6  when  considered  as  single-p’urpose  project.  Studies  also  showed 
that  a reservoir  at  the  Lakeview  site  would  produce  the  raaxi.mum 
practical  yield  that  could  be  obtained  from  the  watershed.  For 
maximization  studies,  capacity-cost  auid  capacity-benefit  curves 
were  used  to  develop  a graph  showing  excess  benefits  over  cost  (see 
figure  7).  The  point  of  maximum  excess  benefits  for  water  conserva- 
tion wouud  be  realized  from  a reservoir  that  would  have  a net  dependable 
yield  of  47  c’lbic  feet  per  second.  This  yield  is  the  maximum  that 
could  be  obtained  from  the  watershed  at  this  site.  Cost  and  benefit 
data  on  water  conservation  aspects  of  the  reservoir  are  shown  in  the 
tabulation  following- 


Item  Cost 


Annual  cheirges  for  single -purpose  water  $735,900 

supply  project 

Annual  benefits  for  single -purpose  water  $907,300 

supply  project 

Benefit  Cost  Ratio  1.2 

Annual  charges  for  flood-control  water  $984,700 

supply  project 

Annual  charges  for  flood-control  only  project  $527,700 
Incremental  costs  of  water  supply  $457,000 

Benefits  $907,300 

Benefit  Cost  Ratio  2.0 
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117.  WAFER  CONSERVATION  BENEFITS.-  The  benefits  of  storage  for 
water  supply  for  municipal  and  Industrial,  and  quality  control  p'orposes 
in  the  reservoir  projects  were  computed  by  the  U.  S.  Public  Health 
Service  and  used  in  the  economic  analysis  of  these  projects.  The 
alternative  cost  method  was  used  for  evaluation  of  the  storages  and 
since  investigation  revealed  no  other  sources  of  supply  than  at  the 
projects  selected,  single-purpose  reservoirs  at  these  sites  were  used 
as  the  alternative  project.  The  single-purpose  water  supply  project 
cost  was  amortized  over  a 100-year  period  at  a non-federal  interest 
rate  of  percent  to  determine  the  benefits  creditable  to  each  project. 
Since  there  is  an  immediate  need  for  the  water  from  the  Lakeview, 
Tennessee  Colony,  and  Aubrey  projects  and  since  construction  is 
deferred  on  the  Roanoke  project  'jntil  it  is  needed,  no  discount  of 
the  benefits  has  been  considered.  The  benefits  creditable  to  the  pipe- 
line for  q’oality  control  purposes  was  computed  in  the  same  mannerj 
that  is,  the  pipeline  cost  was  amortized  over  a 100-year  period  at 
a non-Federal  interest  rate  of  4 percent.  The  following  tabulation 
shows  the  average  annual  benefits  creditable  to  each  project  based 
on  the  amount  and  period  of  use  (as  determined  by  the  U.  S.  Public 
Health  Service)  of  the  stored  water  for  water  supply  and  quality 
control  purposes. 


Pi’oject 

; Reservoir 

Yield 
(mgd) 

: Benefits 

; Water  : Water 

: Supply  - $ ; Quality  - $ 

Lakeview 

30.4 

907,300 

_ 

Aubrey 

65.3 

679,000 

406,200 

Roanoke 

23-9 

683,700 

- 

Tennessee  Colony 

290.8 

l,4l6,600 

427,500 

Pipeline 

80  (1) 

558,800 

3,186,700 

I (1)  Capacity  of  84-lnch  pipeline  from  Tennessee  Colony  Reservoir  to 

' I Benbrook  Reservoir  will  revert  to  municipal  and  industrial  use 

I as  the  need  develops. 

i 

1 

i 
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RECREATION  AND  FISH  AND  WILDLIFE 


118.  lENEIiAL. - Many  factors  are  to  be  considered  in  the  development 
of  a water  resource  project  to  obtain  maximum  sustained  benefits  from 
conservation  and  use  of  natural  reso'urces.  Among  these  factors  are  public 
pai'k  and  genera]  recreation  use  and  fish  and  wildlife  recreation.  The 
demand  for  outdoor  recreation  is  large,  and  is  growing  as  is  the  population 
More  and  more  people  are  seeking  the  outdoors,  and  the  trend  is  expected 

to  increase  with  the  coming  decades.  This  increase  is  evidenced  by 
visitations  to  recreation  areas;  increase  in  the  n’omber  of  hunting  and 
fishing  licenses  issued;  and  the  increase  in  sales  of  boats,  motors,  and 
equipment  for  camping,  fishing  and  h'unting,  and  other  recreation  activities 
Visitation  to  all  water  resource  projects  located  in  the  Trinity  River 
Basin,  Including  those  under  the  j’orisdlction  of  the  Fort  Worth  District, 
are  increasing  each  year.  Related  to  the  projected  population  growth  in 
the  Trinity  River  Basin,  existing  recreation  areas  and  facilities  will  not 
be  adequate  to  accommodate  the  crowds  seeking  outdoor  recreation.  The 
facilities  required  to  accommodate  the  public  seeking  outdoor  recreation, 
will  consist  of  land  and  recreation  facilities  for  public  use  at  each 
proposed  water  resource  project.  The  land  designated  for  public  use  and 
rights-of-way  to  provide  access  should  be  acquired  in  fee  title  and  use 
easements  during  the  land  acquisition  program. 

119.  Experience  indicates  that  there  is  a degree  of  visitation  or 
usage  which,  if  regularly  exceeded,  makes  the  recreational  aspects  of  a 
project  less  attractive  and  results  in  deterioration.  This  density  of 
visitation  may  be  termed  the  optimum  visitation  capacity  or  recreation 
design  capacity  of  the  project.  In  effect,  it  becomes  a visitation  design 
load,  which  should  not  be  regularly  exceeded.  This  may  be  expressed  in 
terms  of  annual  visitor  peak-day  (normal  s’uramer  weekend)  visitation.  For 
purposes  of  this  report  the  design  capacity  of  each  project  is  expressed 

in  terms  of  optimum  annual  visitation.  There  are  a n-umber  of  factors  which 
affect  the  optimum  capacity  of  a water-reso’urce  project.  Major  factors 
to  be  considered  include; 

a.  Principal  types  of  recreational  use. 

b.  Area  of  usable  lands  and  waters. 

c.  Nature  and  length  of  shoreline. 

d.  Nature  of  recreation  resource. 

120.  On  the  basis  of  experience  at  existing  Corps  reservoirs, 
taking  the  above  factors  into  consideration,  it  is  estimated  that  the 
optimum  capacity  of  projects  in  the  plan  of  improvement  will  be  as 
follows ; 


f 


Project 

Aubrey 

Bar dwell 

Benbrook 

Grapevine 

Garza-Little  Elm 

Lakevlew 

Lavon 

Navarro  Mills 
Tennessee  Colony 
Wallisvllle 

Multiple -purpose  Channel 
Total 


Optimum  annual  visitation 

6,000,000 

1,500,000 

2,500,000 

3,500,000 

7,500,000 

3,500,000 

5,000,000 

2,500,000 

8,000,000 

2,000,000 

6,000,000 

48,000,000 


121.  The  recreation  demand  for  the  basin  by  the  year  2070  is 
estimated  to  be  78,000,000  visits,  whereas  total  project  capacity  is 
estimated  to  be  48,000,000.  Thus,  it  may  be  seen  that  even  with  the 
proposed  plan  of  improvement,  the  recreation  demand  for  the  basin  would 
not  be  met  by  Corps  projects  alone.  Requirements  over  and  above  the 
capabilities  of  these  projects  can  be  met  by  additional  projects  or 
development  by  the  Corps,  the  State  or  other  agencies.  In  this  connec- 
tion, a statewide  master  plan  for  the  State  Parks  System  is  now  in 

the  process  of  preparation  by  the  Horticulture  and  Parks  Management 
Department  of  the  Texas  Technological  College.  When  this  study  has 
progressed  to  the  point  that  State  Park  requirements  are  more  definitely 
known,  the  proposed  plan  of  improvement  for  the  basin  will  be  coordinated 
in  more  detail  with  representatives  of  the  State  Parks  Board  in  order 
that  the  development  proposed  would  be  fully  considered  and  cooperative 
actions  taken  where  feasible. 

122.  PT^OJECT  VISITATION.-  In  estimating  the  number  of  annual 
recreation  visits  that  would  be  made  to  the  project,  it  has  been  assumed 
that  the  project  would  be  physically  complete  by  1970.  On  this  basis, 
taking  into  account  e:  nerlenced  visitaton  at  existing  reservoirs, 
together  with  project  capacities  and  other  considerations  involved,  it  is 
estimated  that  the  initial  and  average  annual  visitation  to  the  projects 
included  in  the  plan  of  Improvement  would  be  as  follows: 
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Project 

Init iai 

1970 

Average 

Annual 

Optimum  aruiual 
Visitation 

I.akev'iew 

1,500,000 

3,000,000 

3,500,000 

Aubrey 

2,000,000 

000, 000 

6,000,000 

Grapevine 

2,500,000 

3,000,000 

3,500,000 

Ga.’-za-Little  Elm 

3,000,000 

5,000,000 

7,500,000 

Tennessee  Colony 

2,500,000 

6,000,000 

8,000,000 

Multiple-puipose 

Channel 

1,350,000 

5,000,000 

6,000,000 

Totals 

11,850,000 

22,000,000 

29,000,000 

123.  The  above  visitation  figures  include  sightseers,  presently 
estimated  at  approximately  25  percent  of  the  total.  As  population 
increases  in  the  area  surrounding  a project  the  percentage  of  sight- 
seers may  increase,  with  a resultant  increase  over  the  estimated  visitation 
shown.  However,  this  would  not  affect  materially  the  amount  of  lands 
or  facilities  actually  required. 

12h.  The  location,  size  and  n'umber  of  areas  to  be  developed  at  each 
authorized  project  will  be  presented  in  a preliminary  master  plan. 

Details  of  the  proposed  development  to  provide  for  public  recreation 
and  the  conservation  and  management  of  fish  and  wildlife  will  be  pre- 
sented in  a master  plan  for  each  project.  Basic  recreational,  facilities 
to  be  provided  would  include  access  roads,  parking  ai'eas,  public  camping 
and  picnicking  areas,  water  supply,  sanitauy  facilities,  boat  la'unching 
ramps,  signs,  essential  safety  devices,  etc.  Group  picnic  shelters, 
beach  improvements  for  public  swimming,  including  simple  change  houses, 
and  boat  anchorage  areas  would  also  be  provided  where  such  facilities 
are  warranted.  Additional  facilities  and  services  necessary  or  desirable 
for  full  development  of  the  recreation  potential  will  normally  be 
arranged  for  by  concessions  and  permits  to  private  organizations  and 
individuals  or  by  leases  or  licenses  to  other  Federeil  agencies  or  to 
state  and  local  governmental  agencies.  Pertinent  Infoj-mation  relative 
to  size,  land  requirements,  costs,  and  benefits  of  the  recreational 
purposes  in  the  proposed  projects  su'e  shown  in  table  13  and  described 
in  the  following  paragraphs. 

125.  LAKEVIEW  PROJECT.-  Lakeview  Reservoir  would  cover  12,300  acres 
at  the  top  of  conservation  storage  level.  Based  on  the  existing  and 
projected  population  for  this  area  and  the  number  of  visitors  the  existing 
projects  have  attracted,  it  is  estimated  that  the  proposed  Laikevlew 
Reservoir  project  would  attract  an  initial  annual  visitation  of  about 
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(1)  5,900  increase  in  water  s’orface  area  plus  existing  23, '*70  = 29,370  total. 

(2)  4,360  increaise  in  water  s’urface  ai'ea  plus  existing  7,360  = 11,740  total. 

(3)  6,600  acres  in  river  cutoffs  below  Tennessee  Colony  Dan. 


1.500.000  visitors  after  sufficient  water  is  impoiinded , and  would 
eventually  attract  about  3,500,000  visitors  annually.  The  average 
annual  visitation  would  be  approximately  3>000,000.  The  total  lands 
required  for  public  use  and  access  is  estimated  to  be  3>560  acres.  Of 
this  amo'unt  2,800  acres  would  be  acquired  -under  the  I962  joint  land 
acquisition  policy  for  project  p-orposes.  The  remainder  consists  of 
■760  acres  for  public  use  and  access.  The  estimated  cost  for  lands, 
clearing,  and  facilities  in  the  interest  of  public  use  are  shown  in 
table  1^*. 

126.  AUBREl'  PROJECT  SITE.-  Aubrey  Reservoir,  in  combination  with 
Garza-Little  Elm  Reservoir,  with  the  same  degree  of  flood  control 
protection  as  that  provided  by  the  existing  Garza- Little  Elm  Reservoir, 
wo-uld  pennit  a reallocation  of  storage  in  Garza-Little  Elm  Reservoir,  and 
increase  that  storage  p:-esently  allocated  to  water  conservation.  Tlae 
Impounded  water  in  Aubrey  Reservoir  would  cover  24,3^0  acres  at  the  top 
of  the  conservation  storage  level.  Based  on  the  existing  and  projected 
pop’Oj-ation  for  this  area  and  the  number  of  visitors  the  existing  projects 
have  attracted,  it  Is  estimated  that  the  proposed  Aubrey  Reservoir 
p:-oject  wo'uld  attract  an  initial  annual  visi'  ation  of  about  2,000,000 
visitoi'S  and  would  event'ually  att.-act  about  6,000,000  visitors  ann-aally. 
The  average  annual  visitation  wo-uld  be  4,000,000.  The  total  land  req-uired 
for  public  use  and  access  is  estimated  to  be  6,100  acres.  Of  this  amo-unt 
4,800  acres  would  be  acq-iired  under  the  1962  joint  land  acquisition  policy 
for  pr-;ject  p-u;'poses.  The  remainder  consists  of  1,300  acres  for  public 
use  Eind  access  for  the  A-ubrey  Reservoir.  In  addition,  about  2,900  acres 
of  which  abo'ut  2,800  would  be  acquired  in  fee  title  in  lieu  of  existing 
flood  flowa'e  easements  and  100  acres  in  fee  title  above  the  -uppo:-  g'uiie 
contour  to  meet  requirements  for  p-ublic  -use  at  the  modified  Garza-Little 
Elm  Reservoir.  The  esti.mated  costs  for  lands,  clearing  and  facilities, 

in  the  interest  of  p-ublic  use  are  shown  in  table  l4. 

127.  GAI-iZA- LITTLE  ELM  RESERVOIR.-  Wlien  the  stora<'e  is  reallocated 
in  the  Garza- Little  Elm  Reservoir,  the  top  of  the  conservation  level  woiuld 
be  raised  seven  feet.  The  impc-.uided  water  level  would  then  cover  29,370 
acres,  or  an  increase  of  6,1+00  acres.  Based  on  the  results  of  st-udies 
made  in  connection  with  raising  the  conservation  pool  level  at  Lavon 
Reservoir  and  the  number  of  additional  visitors  this  reservoir  wo’uld 
attract,  it  is  estimated  that  the  increased  water  surface  area  at  the 
Garza-Little  Elm  Reservoir  will  initially  attract  an  Eidditional  ^+00,000 
visitors.  Based  on  the  existing  and  projected  population  for  this 

area  and  the  number  of  visitors  the  existing  projects  have  attracted, 
it  is  estimated  that  the  modified  Garza- Little  Elm  Reservoir  project 
would  attract  an  annual  visitation  of  abo-ut  3>000,000  visitors  after 
the  eulditional  water  is  Impo’unded,  and  would  eventually  attract  about 

7.500.000  visitors  annually,  'fhe  a-erage  ann-ual  visitation  would  be 
approximately  5,000,000.  The  estimated  costs  for  lands,  clearing, 
and  facilities  in  the  interest  of  p-ublic  use  are  shown  in  table  l4. 
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128.  RO,\IIOKE  PROJECT.-  Roartoke  Reservoir,  in  combination  '..'ith 
Grapevine  Reservoir,  vould  provide  the  same  degrees  of  flood  control 
protection  as  that  provided  by  the  existing  Grapevine  Reservoir.  The 
flood  control  storage  proposed  for  Roanoke  Reservoir  v/ould  permit  a 
i-cnllocation  of  storage  in  Grapevine  Reservoir,  and  increase  that  storage 
presently  allocated  to  v/ater  conservation.  The  Rormoke  project  v/as 
investigated  as  a dual-purpose  project,  flood  control  and  vater  storage 
for  recreation,  and  it  uas  determined  that  this  type  project  vould  reduce 
the  dependable  yield  of  Grapevine  Reservoir  by  about  6.5  million  gallons 
per  day.  By  compaj'ison  of  benefits  realized  from  recreational  uses  and  the 
reduction  in  water  conservation  yield,  it  was  found  that  provision  of 
storage  of  v/ater  for  recreational  purposes  is  not  economically  feasible. 

The  total  land  required  for  public  use  and  access  is  estimated  to  be  1,100 
acres.  This  would  involve  the  acquisition  of  fee  title  in  lieu  of  existing 
flood  flowage  easements  on  6OO  acres  and  the  acquisition  of  additio.nal 
500  acres  of  privately  owned  lands  above  the  upper  guide  contour  to  meet 
requirements  for  public  use  at  the  modified  Grapevine  Reservoir,  since 
Roanoke  •.;ill  serve  only  as  a flood  control  reservoir. 

129'  GRAPEVU'IE  RESERVOIi^.-  Wlien  the  storage  is  reallocated  in  the 
Grapevine  Reservoir,  the  top  of  the  conservation  pool  level  will  be  raised 
21  feet.  The  impounded  v/ater  level  would  then  cover  11,7^0  acres,  or  an 
increase  of  ^^,360  acres.  Based  on  the  results  of  studies  made  in  connection 
with  raising  the  conservation  pool  level  at  the  Lavon  Reservoir  and  the 
number  of  additional  visitors  this  reservoir  v/ould  attract,  it  is  estimated 
that  the  increased  water  surface  area  at  the  Grapevine  Reser'/oir  would 
initially  attract  an  additional  ^00,000  visitors.  Based  on  the  existing 
and  projected  population  for  this  area  and  the  number  of  visitors  the 
existing  projects  have  attracted,  it  is  estimated  that  the  modified  Grapevine 
Reservoir  project  would  attract  an  annual  visitation  of  about  2,500,000 
visitors  after  the  additional  water  is  impounded,  and  would  eventually 
attract  about  3^500,000  visitors  annually.  The  average  annual  visitation 
would  be  approximately  3,000,000.  The  estimated  costs  for  lands,  clearing, 
and  facilities  in  the  interest  of  public  use  arc  shov/n  in  table  lU. 

130.  TEIINES3EE  COLOIJY  PROJECT.-  Tennessee  Colony  Dam  is  located  at 
river  .mile  339.2  on  the  main  stem  of  the  Trinity  River.  The  impounded 
water  would  cover  73/5^0  acres  at  the  top  of  the  conservation  storage 
level.  The  Fort  Worth  District  is  presently  constructing  one  resci-voir 
project  and  proposes  to  initiate  construction  on  another  reservoir  project 
during  I963,  both  of  w’lch  ai-c  located  within  a radius  of  the 

proposed  Tennessee  Colony  project.  There  ai'c  also  other  reservoir  projects 
located  within  a 50-^iile  limit  of  this  proposed  reservoir  which  are 
operated  by  agencies  other  than  the  Corps  of  Engineers,  as  indicated  on 
plate  1.  Based  on  the  existing  and  projected  population  for  the  Tennessee 
Colony  area  and  the  namber  of  visitors  attracted  at  comparable  reservoirs, 
it  is  estimated  that  the  proposed  Tennessee  Colony  Reservoir  would  attract 
on  initial  annual  visitation  of  about  2,500,000  visitors  and  would 


i-108 


T 


cventi;ally  attract  about  8,000,000  visitors  annually.  The  average  roinual 
visitation  '..’ould  approximate  6,000,000.  Tne  total  land  required  for 
public  use  and  access  is  estimated  to  be  8,120  acres  . Of  this  amo'mt 
6,U00  acres  would  be  acquired  under  the  I962  Joint  land  acquisition  pjolicy 
for  project  purposes.  T!ie  remainder  consists  of  1,720  acres  for  public 
use  and  access.  It  -would  also  involve  the  acquisition  of  an  additional 
600  acres  for  a national  refuge  requested  by  the  U.  S.  Fish  and  V/ildlifc 
Service,  if  approved  by  Congress.  Tiie  estimated  costs  for  lands,  clearing, 
and  facilities,  in  the  interest  of  public  use  <are  shown  in  table  lU. 

131.  f-FlLTIPLii  PliRPOSE  PRO.JECT.-  Tne  multiple-purpose  channel  -would 
extend  from  the  existing  Houston  Ship  Channel  in  Ga.l-/eston  Bay  to  the  city 
of  Fort  Worth,  Texas,  having  an  overall  length  of  about  37®  miles.  Ti.c 
bottom  width  of  the  channel  -would  vary  from  I50  to  3OO  feet.  Diversion 
dams  -would  be  constructed  at  the  upper  end  of  each  river  cutoff  -where  tlie 
course  of  the  existing  river  -would  be  changed  by  the  construction  of  the 
multiple -purpose  channel.  Tliese  dikes  or  dams  -.would  prevent  the  river  from 
reverting  to  its  existing  course  and  di-.-ert  the  flo-w  into  the  multiple- 
p'urpose  channel . Under  normal  operating  conditions  all  or  a portion  of  the 
cutoffs  -v;ould  be  paw'tially  filled  with  -water  resulting  from  impoundments 
upstream  from  the  proposed  locks  and  dams . Many  of  these  river  cutoffs  and 
some  of  the  tributary  streams  -would  provide  excellent  ai-eas  for  the 
development  of  facilities  associated  -with  both  general  and  fish  and  -wildlife 
recreation  activities.  T?ic  water  impounded  in  man;/  of  t}ic  cutoffs  and 
tributar;/  streams  -.would  provide  excellent  areas  for  fishing  and  the  storage 
of  boats.  About  8,600  acres  -would  be  ir.-andated,  excl-usive  of  the  portion 
in  tlic  three  rescr-/oirs,  -when  the  -water  surface  in  the  co.mpleted  multiple - 
purpose  channel  is  at  the  top  of  the  normal  operating  pools  for  navigation 
purposes.  F-urthermore , about  6,600  additional  acres  -would  be  inundated  in 
the  cutoffs  bet-ween  the  locks  and  dams  n-jmbered  1 through  12  -when  the 
•water  in  the  completed  multiple -purpose  channel  is  at  its  normal  operating 
level  for  navigatio.-.  purposes . All  the  cutoffs  upstream  from  lock  and  dam 
number  I3  -would  be  filled  with  spoil  .material  resulting  from  exca-/ation  of 
the  multiple -purpos-  channel,  since  this  portion  of  the  river  is  located 
in  an  existing  or  projjosed  le-/eed  flood-way.  Etie  to  its  nature,  the  15,200 
acres  of  impoundfi;  ..-ater  in  the  channel  -./ould  not  attract  as  many  visitors 
for  recreational  a tivitics  as  a similar  size  reservoir  jiroject.  Ho-wever, 
the  channel  would  att.-act  many  visitors  dcsi:-ing  to  observe  the  passage 
of  floating  equlpr.'-nt  througli  the  locks,  to  navigate  the  channel  for 
sport  and  pleas'  , and  to  fish.  Appropriate  facilities  should  be  developed 
along  the  charnel  to  provide  access,  vehicle  parking,  picnicking,  camj>ing, 
boat  launching,  boat  storage,  etc.  Facilities  located  on  or  adjacent  to 
the  channel  for  tlie  storage  and  servicing  of  pleasure  cr.aft  as  well  as 
providing  thf  general  public  -with  their  needs  and  demands  such  as  food, 
drinks,  etc.,  should  be  spaced  at  about  30-^Hc  intervals.  Since  the 
Federal  Gc-.v-rnnent  is  acquiring  fee  title  only  to  those  lands  within 
and  adjacent,  to  the  channel  where  structures  -would  bo  constructed  and  for 
the  develoiw-nt  for  public  use  and  access,  private  industry  will,  no 
doubt,  develop  these  types  of  activities  on  privately-owned  land.  Tliis 
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condition  '.y’III  preclude  the  nornal  control  exercised  by  the  Corps  of 
A Encineers  in  rc£;ulation  of  spacii.r  of  sucli  facilities  to  providf  r.uffi^i-  r.t 

service  and  to  prevent  undue  competition.  Based  on  the  existing;  and 
I'rojected  population  for  the  entii-c  basin  area  and  the  visitors  attract^  i 
to  the  existing  reservoirs  previously  discussed,  it  is  estimated  that  the 
proposed  multiple -purpose  channel  v:ould  attract  an  annual  visitation  of 
about  1,350,000  visitors  during  its  fii'st  three  year’s  of  operation  and 
eventually  attract  about  6,000,000  visitors  annually.  T!.e  average  arjiual 
visitation  ’.rould  be  apirroximately  5>000,000.  A large  percentage  of  these 
visitors  ’./ould  bo  sightseers  only.  Trie  total  l.and  required  for  public  use 
;ind  access  is  csti.mated  to  be  2,600  acres.  Tnis  is  in  addition  to  the 
lands  to  be  acquired  in  fee  title  for  pi'Oject  purjxDses . The  estimated 
costs  for  lands  iind  facilities  in  the  interest  of  public  use  ai’e  shown 
in  table  lU. 

132.  ECONOMIC  BEIfEFITG  OF  RECREATION.-  Economic  benefits  res’alting 
from  the  development  of  the  recreation  resources  associated  ’with  water 
resouj’ce  projects  can  be  evaluated  and  erqiressed  in  several  different  ’ways, 
including  actual  assignment  of  a monetary  value  for  each  project  visit. 

T)ie  latter  method  has  been  used  in  benefits  versus  cost  considerations  of 
this  report,  using  a conservative  unit  value  of  50^  per  visit  for  general 
recreation  and  $1.00  for  sport  fishing  and  hunting,  the  latter  being  in 
accordance  ’with  the  schedule  of  value  adopted  by  the  Inter-Zgency 
' Comittee  on  Water  Resources  at  its  iS  October  1S’60  meeting.  While  -v’alues 

used  indicate  substantial  benefits  from  recreational  aspects  of  the  project, 
they  arc  considered  most  conservative  and  in  many  ’ways  do  not  indicate 
fully  tile  economic  impact  of  recreation  and  related  activities  associated 
with  large  water  resource  jn-ojects.  T?;e  fact  is  that  recreation  invariably 
improves  the  local  economy,  the  degree  depending  primarily  on  the 
recreation  demand  of  the  area  and  the  quality  of  recreation  afforded. 
Benefits  for  projects  recommended  are  tabulated  in  table  I5. 


TABLE  15 

RECREATION  COST,  CHARGES,  AND  BENEFITS 


Pro.lect 

Incremental: 
Cost  (1)  : 

Annual  : 

Char/’.cs  : 

/cinual  : 

Di.-nefits  : 

Benefit 
Cost  Ratio 

LaJ'.eview  Reservoir 

1'  57202,000 

$ 3^7,300  $ 2,025,000 

5.2 

1 Aubrey  Reservoir  (2) 

]0, 099, 000 

743,600 

2,900,000 

•5  0 

V . 

j Roanoke  Reservoir  (3) 

1,570,000 

75,700 

150,000 

2.0 

1 Tennessee  Colony  Reservoir 

12,083,000 

978,400 

4,050,000 

4.1 

t Multiple-Purpose  Oianncl  (4) 

4 , 723 . 200 

434,600 

7.3 

Grand  Total 

33,737,200 

2,619,600 

12,500,000 

4.8 

(1 ) As  last  added  purpose . 

(2)  Includes  increased  facilities  in  Garza-Little  Elm  Rescr’voir  as  a 
result  of  exchange  in  storage. 

(3)  Increased  facilities  in  Grapi.’vine  Reservoii-  as  a result  of  exchange 
in  storage . 

(4)  Excludes  facilities  in  Tennessee  Colony  Reservoir  reach. 
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GUMMAT’Y 


153.  ACCOMPLIGIQ.ErrrS . - Stated  briefly,  it  is  evident  that 
the  pro.'ectG  recommended  in  thin  report  would: 

a.  Provide  a hich  de('ree  of  flood  protection  to  tlic  Trinity 
Rivei-  Raoin.  Tl.'  ju'Ojcctf  d averace  annual  damaecs  of  over  15-^  million 
lolla.m  ■-'Oi;ld  be  rcdui-ed , ’'.nder  the  I96O  existir.[^  and  authoi-ized  project 
devrloijmc  nt  plan, to  leGc  than  1.1  million  iollai-s. 

b.  Df  volop  tilt-  maximum  potential  yield  of  the  streams  in 
tlie  Trinity  River  Ba.sin  into  .a  positive  resource  throuch  storace  and 
rcculation  to  efficiently  serve  the  needs  of  the  people  tliat  are 
expected  to  oceuxw  the  basin  durinc  the  next  ^lO-lOO  years.  By  the 
year  2020  and  20J0  the  -jatcr  requirements  are  expected  to  be  about 

3I33  million  c^llons  per  day  and  5lG?  million  cailons  per  day,  respectively, 
and  the  vrater  resources  can  be  developed  to  supijly  these  needs.  (See  table  11 ) 
P.'Ojects  recommended  for  .authorisation  vrould  provide  U53.I  million  gallons 
per  day  in  2020.  Tl:e  requii’emencs  of  the  basin  would  bo  fully  met  and  within 
the  framework  of  •./ater  richts  and  priorities  established  by  the  State  of  Texas. 

c . Provide  dilution  watei'  to  help  solve  the  water  quality 
problem  in  the  upper  basin  that  is  expected  to  continue  in  existence  to 
about  the  year  2020.  Additional  sc'.mgc  Eind  waste  treatment  efficiency 
plus  a buildup  of  a more  stabilized  base  flow  in  future  years  as  the 
economy  expands  and  projects  ai'c  constructed  is  expected  to  fp’adually 
reduce  the  requirements  of  storage  specifically  dedicated  for  ’water 
quality  dilution  purposes.  This  storace  'would  then  be  used  for  meetinc  the 
municipal  and  industrial  ’water  si.pply  de.mands . 

d.  Provide  a 370-mile  lone  'watcr-way  extendinc  from  the  existinc 
intracoastal  ’wntei’’..’nv  system  in  the  lower  Trinity  River  Basin  to  the 

Fort  V/orth-Dallas  complex.  This  ’..'aterway  ’..’ould  provide  an  efficient  means 
to  mo’.’e  over  20  million  tons  of  bulk  type  commodities.  T>ie  beneficial 
effect  of  the  watei”way  ’./ould  extend  to  a significant  area  beyond  the 
limits  of  the  basin,  pa;''.,icularly  with  respect  to  the  movement  of  ’./heat 
and  other  chains  that  ’./ould  use  the  ’waten/ay. 

e.  Provide  outdoor  recreation  and  fish  and  wildlife  of  over 
79,000  day  use  opj/ortuni  tics  to  lielp  meet  the  ref^ional  demands  for  outdoor 
’./ater  oriented  recre.ation  and  fish  and  ’wildlife. 

f . Provide  a framework  plan  within  ’which  selected  major 
elements  of  the  plan,  wlien  completed,  ’./ould  j/roducc  justifiable  benefits 
independ'-ntly  ?ind  'wltiiout  reference  to  ’./hen  other  elements  of  the  plan 
micht  bf  completed.  One  of  the  major  contributions  of  the  plan  is  the 
lonfx-r.anco  integrated  aspect  thereof  that  -..'Ould  provide  the  Incredicnts 
for  a step-by-step  development  in  an  orderly  m.anner  and  based  upon  sound 
enclneering  practice. 
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13^.  Tectc  niade  durinc  the  foraulation  processes  sho^/  that  each 
project  purpose  of  the  multiple -purpose  projects  and  sincle -purpose 
jirojects  are  economically  justified.  It  has  also  been  demonstrated  that 
functional  se^jnents  of  the  flood  control -v/nterway  channel  are  feasible 
and  justified.  Table  l6  shows  a summary  of  the  Justification  of  alT 
elements  in  the  plan  recommended  for  authorization  in  this  report.  The 
benefits  used  are  the  fair  shai'e  creditable  to  each  project  purpose 
considerinc  all  ’units  to  be  in  the  plan.  Tl*e  plan  is  consistent  with 
formulation  concepts  and  objectives  outlined  in  the  first  part  of  this 
appendix.  The  overall  plan  is  ’veil  Justified  on  the  basis  of  monetary 
benefits  and  if  intangible  benefits  could  bo  rationally  equated  into 
monetary  terms,  the  benefits  used  herein  u’ould  increase  many  times. 

Table  17  shows  the  first  cost,  annual  charges  and  benefits  of  the  element 
of  the  plan  recommended  for  authorization  at  this  time. 
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lacludet  IncreMed  b€neflts  at  the  Garza-Little  £!■  reeervolr  project. 
IzxcXudee  locreaaed  benefits  at  the  C(ri4>eviBe  reservoir  project. 


COST  ALLOCATION  AND  APPORTIONMENT 


135-  INTRODUCTION  - Cost  allocations  for  the  multi pie -purpose 
projects  were  made  to  determine  the  equitable  distribution  of  the  costs 
to  be  credited  to  each  project  purpose  and  to  determine  the  apportionment 
of  these  costs  to  Federal  and  non-Federai  interests  The  construction 
expenditures,  annual  operation,  maintenance,  and  replacement  costs 
allocated  to  flood  control  have  been  apportioned  between  Federal  and  non- 
Federal  interests  in  accordance  with  the  general  policy  given  in  the  Flood 
Control  Act  of  1936  (Phiblic  Law  738.  7Ath  Congress),  as  subsequently 
amended. 

I3U.  Hie  generally  accepted  procedures  of  cost  allocation  and 
apportionment  are  (a)  for  reservoir  projects,  the  Separable  Costs -Remaining 
Benefits  method  wherein  separable  costs  are  charged  to  the  various  purposes 
and  the  Joint  use  costs  are  distributed  so  that  each  purpose  shares 
equitably  in  the  fair  share  benefits  of  multi  pie -purpose  construction,  with 
the  allocated  cost  of  water  supply  being  charged  to  non-Federal  interests; 
(b)  for  local  protection  projects,  the  division  of  costs  between  Federal 
and  non-Federal  interests  are  subject  to  the  requirements  of  local 
cooperation  as  generally  specified  for  such  projects  in  which  all 
construction  costs  are  the  responsibility  of  the  Federal  Government  except 
for  rights-of-way  and  relocation  costs  (excluding  railroads)  which  are 
the  responsibility  of  local  interests;  (c)  for  navigation  projects,  the 
Federal  Government  will  bo  responsible  for  all  construction  costs  except 
for  rights-of-way  and  relocation  costs  except  bridge  alterations  over 
existing  channels  which  costs  will  be  apportioned  to  Federal  and  non- 
Federal  interests  in  accordance  with  the  principles  of  Section  6 of  the 
Bridge  Alteration  Act  ( Truman -Hobbs ) of  21  June  19^0,  as  amended,  and  the 
Federal  Government  will  bear  the  entire  cost  of  the  structure  on  new  land 
cuts  for  the  channel  However,  the  plan  of  improvement  for  the  Trinity 
River  Basin  is  complex  and  the  units  in  the  plan  so  interlocked  that  the 
procedures  indicated  above  could  not  be  simply  applied  to  each  individual 
project.  The  following  paragraphs  describe  in  detail  the  cost  allocation 
and  apportionment  to  Federal  and  non-Federal  interests  as  applied  to  each 
project  and  is  in  consonance  with  the  accepted  procedures. 

137.  MULTIPLE -PURPOSE  CHANNEL  - The  non-Federai  costs  of  the 
multiple-purpose  channel  were  separated  from  the  total  construction  costs 
on  the  basis  of  the  requirements  to  be  met  by  local  interests  for  a 
navigation  project  as  stated  above  In  determining  the  local  interest 
costs,  those  that  were  specifically  for  navigation  or  flood  control  were 
separated  from  the  Joint  local  interest  costs  that  serve  both  the  navi- 
gation and  flood  control  purposes  Since  the  flood  control  purpose  of  the 
channel  is  necessary  for  the  proper  functioning  of  the  existing  and 
proposed  flood  control  reseinroirs  these  costs  are  considered  to  be  a 
Federal  responsibility  The  division  of  the  Joint  local  interest  cost  was 
made  on  the  basis  of  the  navigation -flood  control  benefit  ratio  for  each 
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reach,  botli  upstrccun  and  downstream  from  the  Dallas  turninc  basin.  The 
benefits  for  navication  do  not  include  those  assicned  to  the  Tennessee 
Colony  Reservoir  and  the  flood  control  benefits  are  those  that  accrue 
only  to  the  West  Fork  Floodv/ay,  the  Dallas  Floodvay  Extension,  and  the 
channel  downstream  from  Five  Mile  Creek.  In  a/ldition,  the  highwa;/ 
bridge  relocation  costs  above  those  assigned  to  local  interests  by  the 
application  of  the  Truman-Hobbs  Act  in  the  Dallas  Flood’.^ay  Extension 
and  the  'West  Fork  Flood\:ay,  have  been  divided  on  the  basis  of  the  benefit 
ratio  division  and  the  flood  control  portion  assigned  to  local  interests. 
TJiese  bridge  modifications  ai'c  also  necessary  for  the  proper  functioning 
of  these  floodv/ays  and  in  such  a floodwa.y  project  such  relocation  costs 
ane  changeable  to  local  interests.  Tiic  cost  of  the  recreation  facilities 
is  considered  to  be  a Federal  responsibility.  Tlie  operation,  maintenance, 
and  replacement  costs  of  the  multiple-purpose  channel  are  Federal  costs 
except  those  for  the  railroad  lift  bridges  •-■hich  are  local  interests  costs. 

138.  LOCAL  FLOOD  PROTECTTOrr  PRO.IECTS . - Tlie  costs  of  the  local 
protection  projects  have  been  apportioned  between  Federal  and  non-Federal 
interests  in  accordance  with  the  ge.neral  policy  given  in  the  Flood  Control 
Act  of  1936  (Public  La-..'  738,  7^th  Congress),  as  amended,  and  as  stated  in 
pnragraTli  132,  item  b,  above  as  this  Act  a.ffects  this  type  project.  The 
portion  of  the  West  Fork  Flood’.^ay  and  Da,llas  Floodway  Extension,  (exclud- 
ing the  costs  of  the  rn’iltiplc-purtiosc  channel),  the  Liberty  levee,  and  the 
Dvick  Creek  projects  i/ere  apportioned  to  Federal  and  non-Federal  interests 
based  upon  this  premise.  In  the  Elm  Fork  project,  the  main  stem  channels 
ai-e  considered  necessary  for  the  proj^cr  operation  of  the  Grapevine  and 
Garza-Little  El.m  Reservoirs  and  the  costs  necessary  for  the  construction 
of  the  channels  is  considered  a Federal  cost.  Tne  rem.aining  costs  of 
the  project  were  apportioned  to  Federal  and  non-Federal  interests  in 
consonance  with  the  usual  procedure  for  local  protection  projects. 

139-  RESERVOIRS.-  The  Separable  Costs -Remaining  Benefits  method 
was  used  in  allocating  the  coot  of  e.ach  reservoir  project  to  its  purposes. 

lUO.  Hie  Laleevie’w  Reservoir  was  allocated  to  flood  control,  wate:- 
supply,  and  recreation  with  the  local  interest  cost  being  that  allocated 
to  the  water  supply  purpose. 

lUl.  Roanoke  Reservoii’  will  bo  operated  as  a flood  control  only 
reservoir.  However,  its  purpiose  is  to  provide  an  exchange  of  storage- 
with  Grapevine  Reservoir  in  order  to  develop  additional  water  resoxirces 
of  the  watershed;  therefore,  the  effectual  purpose  of  the  reservoir  is 
for  water  conservation.  In  the  exchange  of  storage  the  recreation 
facilities  in  the  Graiievine  Reservoir  ai'e  increased  and  the  Roanoke 
Reservoir  costs.  Including  the  cost  of  changes  in  Grapevine,  linve  been 
allocated  to  water  supply  and  recreation  iwrposcs  with  local  intci'ests 
beoi'ing  the  costs  allocated  to  water  supply. 
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142.  Aubrey  Reservoir  be  operated  for  flood  control,  water 

supply,  -water  quality  control  (on  an  interim  basis),  and  recreation  purposes. 
Ho-..-evcr,  the  rcscr'/oii-  -will  be  constructed  to  develop  additional  resources 
of  the  watershed  throuch  an  cxchance  of  stora^jc  -wi^'  Garza- Little  Elm 
Reservoir  and,  therefore,  the  net  result  of  Aubre;  . servoir  is  to  provide 
conservation  storacc . In  the  exchange  of  storage  the  recreation  facilities 
in  the  Gai-za-Little  Elm  Reservoir  are  increased  and  the  Aubrey  Reservoir 
costs,  including  the  cost  of  changes  in  Garza-Little  Elm  Reservoir,  have 
been  allocated  to  -water  supply  and  recreation  purposes . The  -water  supply 
-would  not  be  needed  for  municipal  and  Industrial  Tjurposes  immediately  but 
•would  be  used  for  quality  control  on  an  interim  basis.  Tlue  allocation  of 
the  cost  of  water  supply  would  be  furtlior  .cdlocated  on  the  basis  of  the 
yield  used  for  quality  control  and  municipal  and  industrial  purposes.  The 
charges  allocated  to  quality  control  -would  be  a Federal  responsibility  and 
the  remaining  -water  supply  cost  a non-Federal  responsibility. 

IU3 . Tennessee  Colony  Reservoir  was  allocated  to  flood  control, 

-..-ater  supply,  recreation,  and  navigation  by  the  Separable-Costs-Remaining 
Benefits  method.  The  costs  of  the  -water  supply  function  of  the  reser-/oir 
are  a non-Federal  responsibility  and  the  Federal  Government  -would  be 
responsible  for  the  costs  of  all  the  other  functions.  However,  a portion 
of  the  -water  supply  yield  -will  be  used  for  q-uality  control  purposes  on  an 
Interim  basis  and  this  use  is  a Federal  responsibility.  The  costs  of  the 
•water  supply  function  is  further  allocated  on  the  basis  of  the  yield  used 
for  the  quality  control  jjurpose.  In  this  connection,  the  pipe  line,  -which 
is  considered  a scpai'able  cost,  is  allocated  in  this  same  manner  and  -when 
the  -water  is  no  longer  needed  for  quality  control  the  remaining  pipe  line 
cost  will  become  a non-Federal  responsibility. 

lUU . Tabic  18  shows  the  allocation  of  costs  to  each  purpose  for  the 
four  reservoir  projects  by  the  Separable-Costs-Remaining  Benefits  method. 
Coots  allocated  to  water  supply  by  this  method  for  the  Aubrey  and  Tennessee 
Colony  projects  -.(•ere  further  allocated  bet-./een  municipal  and  industrial 
use  and  quality  control  purposes  on  the  basis  of  tlie  quantity  and  the 
period  the  -water  -would  be  used  on  each  purpose . The  pipe  line  costs  also 
-.^cre  allocated  on  this  came  basis  and  added  to  the  Tennessee  Colon;,- 
Reservoir  project  costs.  Table  I9  sho-ws  tlie  apportionment  of  coots  to 
Federal  and  non-Federal  interests  for  the  proposed  plan  of  impro-.-ement  in 
the  Trinity  Ri-/er  Basin. 
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COMPREHENSIVE  SURVEY  REPORT 
ON 

TRINITY  RIVER  AND  TRIBUTARIES,  TEXAS 


INFORMATION  REQUIRED  BY 
SENATE  RESOLUTION  lU8,  85th  CONGRESS 
ADOPTED  28  JANUARY  1958 


TRINITif  river  and  TRIBUTARIES,  TEX;'J3 
COMPREHENSIVE  SURVEY  REPORT 

INFORMATION  REQUIRED  BY 
SENATE  RESOLUTION  148,  85TH  CONGRESS 
.\DOPTED  28  JANUARY  I958 


1.  AUTHORITY.-  The  following  information  is  furnished  in 
response  to  Senate  Resolution  l48,  85th  Congress,  1st  Session, 
adopted  January  28,  1958 

2.  WATER  PROBLEMS  - The  principal  water  problems  in  the  Trinity 
River  Basin  are  those  associated  with  navigation  of  the  Trinity  River 
from  the  Houston  Ship  Channel  to  Fort  Worth,  flood  control,  and  an 
adequate  water  supply  for  municipal  and  industrial  purposes  In 
addition,  there  are  problems  associated  with  pollution  control,  partic- 
ularly along  the  main  course  of  the  Trinity  River  between  Fort  Worth 
and  Trinidad,  Also,  there  are  problems  associated  with  the  provision 
of  recreational  facilities  on  the  proposed  reservoirs  and  along  the 
navigation  pools  in  order  to  satisfy  the  anticipated  needs  and  demands 
for  water-related  recreation  activities  The  economic  studies  of  the 
basin  show  that  the  water  problems  will  become  more  acute  with  the 
expected  growth  and  development,  particularly  in  the  Fort  Worth -Dallas 
area . 


3 NAVIGATION  PROBLEMS  - The  major  water  problem  relative  to 
navigation  on  the  Trinity  River  is  providing  the  water  requirements  at 
the  controlling  locks  necessary  for  lockage  of  floating  craft  and  at 
the  same  time  supplying  sufficient  water  to  meet  the  estimated  losses  in 
the  pools  formed  by  the  navigation  locks  and  dams 

4 FLOOD  PROBLEMS  - The  control  of  floods  is  one  of  the  major 
problems  in  the  basin  Although  Corps  of  Engineers ' reservoirs  and 
floodway  projects  in  operation  in  the  upper  basin  are  credited  with 
preventing  over  $87,000,000  in  damages  during  the  1957  (April-June,  and 
October-November ) floods,  the  almost  $20,000,000  in  damages  which  were 
experienced  during  these  floods  clearly  show  the  need  for  additional 
flood  control  works  in  the  upper  basin  and  in  Improved  and  developed 
areas  in  the  remainder  of  the  basin  not  presently  afforded  protection. 
The  approximate  $20,000,000  in  flood  damages  which  were  experienced 
during  the  1957  floods  would  be  multiplied  many-fold  under  conditions 
of  growth  and  development  forecast  for  the  next  50  years  Under 
projected  conditions  of  watershed  development,  the  area  along  the  West 
Fork  between  Fort  Worth  and  Dallas,  the  area  along  the  Elm  Fork  down- 
stream from  the  mouth  of  Denton  Creek,  and  the  area  along  the  main  stem 
of  the  Trinity  downstream  from  Dallas  to  Five  Mile  Creek  will  all 
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experience  accelerated  urban  and  industrial  growth.  The  urban  area 
along  Duck  Creek  in  Garland  and  in  the  vicinity  of  Liberty  in  the  lower 
basin  will  also  experience  grovrth  and  expansion.  The  remaining  flood 
problem  areas  along  the  Trinity  River  downstream  from  Five  Mile  Creek 
are  rural  in  character. 

5.  WATER  SUPPLY  PROBLEMS.-  Associated  with  the  anticipated 
population  growth  and  urban  and  industrial  expansion  are  the  needs 
for  adequate  water  supply  facilities  and  development  of  the  surface 
and  gro\mid  water  resources  of  the  basin  to  their  fullest  practicable 
potential.  The  projected  requirements  for  the  year  2020  to  satisfy 
navigation,  municipal  and  industrial,  irrigation,  water  quality  control, 
and  exportation  uses  total  3,^33  million  gallons  per  day,  and  the 
projected  water  requirements  for  the  year  2070  to  satisfy  these  uses 
total  ^,187  million  gallons  per  day. 

6.  RECOMMENDED  PLAN  OF  DEVELOEMENT . - In  the  main  report,  the 
District  Engineers  recommend  that  the  plan  presented  in  House  Document 
403,  Seventy- seventh  Congress,  first  session,  and  as  modified  by  subse- 
quent interim  reports  and  authorizations,  be  expanded  to  meet  the 
changing  conditions  in  the  Trinity  River  Basin.  Units  of  the  plan 
recommended  for  authorization  in  this  report  are  shown  in  green  on  the 
attached  plate,  and  consist  of  the  following  features: 

a.  Multiple-purpose  channel  for  navigation  and  flood  control. - 
The  proposed  navigable  waterway  would  extend  from  Fort  Worth  to  a 
Junction  with  the  Houston  Ship  Channel  in  Galveston  Bay.  The  plan 
provides  for  terminals  at  Fort  Worth  and  Dallas,  19  navigation  locks 
with  chambers  84  feet  wide  by  6OO  feet  long  on  the  channel  downstream 
from  Dallas,  and  4 navigation  locks  with  chambers  56  feet  wide  by  400 
feet  long  on  the  channel  upstream  from  the  Dallas  terminus  to  the  Fort 
Worth  terminus.  In  addition  to  the  reseriroir  dams  there  are  eighteen 
navigation  dams  which  provide  slackwater  pools  for  navigation.  Charmel 
requirements  for  navigation  are  a mlnimm  depth  of  12  feet  and  bottom 
widths  of  150  feet  downstream  from  Dal  las  and  125  feet  upstream  from 
Dallas.  The  rectified  channel  for  flood  control  has  its  upstream  limit, 
at  the  beginning  of  the  existing  Fort  Worth  Floodway  and  Joins  the 
navigation  channel  at  the  entrance  to  the  Fort  Worth  terminus  and  proceeds 
along  a common  alignment  with  the  navigation  channel  to  the  river's  mouth. 
The  channel  design  provides  sufficient  capacity  to  contain  operational 
flood  control  releases  from  existing  and  proposed  reservoirs,  supplemented 
by  local  runoff.  Bottom  widths  required  for  the  combined  use,  navigation 
and  flood  control,  channel  vary  from  I50  to  3OO  feet. 

b.  Lakevlew  Reservoir . - The  lakeview  dam  site  is  located  at 
river  mile  7.2  on  Mountaii^^eek  in  Dallas  County.  The  aroposed  reservoir 
would  be  formed  by  on  eartT^^at.-.  with  a maximum  height  above  streambed 

of  about  91  feet,  and  a total  length  of  about  22,620  feet  including  a 
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136  foot  concrete  spillway  controlled  by  three  hO  by  28  foot  tainter 
gates.  The  reservoir  will  have  a total  controlled  storage  of  488,700 
acre-feet  and  an  area  of  15,650  acres  at  elevation  528.0,  top  of  gates 
or  top  of  flood  control  pool.  The  total  storage  includes  136,700  acre- 
feet  for  flood  control,  306,400  acre -feet  for  water  conservation  and 
45,600  acre-feet  for  sediment  reserve.  The  306,400  acre-feet  of 
conservation  storage  provides  a net  yield  of  47  cubic  feet  per  second 
or  30.4  million  gallons  dally  under  2020  conditions  of  watershed  develop- 
ment during  a recurrence  of  the  1950-1957  drought  period. 

c.  Aubrey  Reservoir. - The  Aubrey  dam  site  is  located  at 
river  mile  60.O  on  the  Elm  Fork  of  the  Trinity  River  in  Denton  County. 

The  proposed  resejrvolr  would  be  formed  by  an  earth  dam  with  a maximum 
height  of  about  II6  feet  above  streambed  and  a length  of  about  13,66^ 
feet  including  a 424 -foot  concrete  spillway  controlled  by  nine  40  x 35 
foot  tainter  gates.  The  reservoir  would  have  a total  controlled  storage 
capacity  of  899; 900  acre -feet  and  an  area  of  30,750  acres  at  elevation 
635-0  top  of  flood  control  pool.  The  total  controlled  storage  includes 
37;800  acre-feet  for  sediment  reserve,  603,800  acre-feet  for  water 
conservation,  and  258,300  acre-feet  for  flood  control.  The  flood-control 
storage  in  Aubrey  Reservoir  would  permit  the  reallocation  of  the  storage 
in  the  existing  downstream  Garza-Little  Elm  Reservoir  and  increase  that 
storage  presently  allocated  to  water  conservation  purposes.  Under  2020 
conditions  of  watershed  development  and  a recurrence  of  the  1950-195T 
droug;.t  period,  the  dependable  yield  from  the  Aubrey -Garza-Little  Elm 
system  is  estimated  to  be  151-3  million  gallons  per  day,  or  65-3 
million  gallons  per  day  more  than  would  be  produced  by  Garza -Little  Elm 
Reservoir  alone. 

d.  Roanoke  Reservoir.-  The  Roanoke  dam  site  is  located  at 
river  mile  32.0  on  Denton  Creek  in  southwest  Denton  County.  The  proposed 
reservoir  would  be  formed  by  an  earth  dam  having  a maximum  height  of 
about  97  feet  above  streambed  and  a total  length  of  about  15,200  feet 
including  two  dikes  and  a 328-foot  concrete  spillway  controlled  by  seven 
4o  X 35  foot  tainter  gates.  The  reservoir  would  have  a total  controlled 
storage  capacity  of  249,900  acre-feet  and  an  area  of  9; 720  acres  at 
elevation  619.O  top  of  flood  control  pool.  There  would  be  223,700 
acre-feet  of  flood-control  storage  and  26,200  acre-feet  of  storage  for 
sediment  reserve.  The  flood  control  storage  in  Roanoke  Reservoir  would 
permit  a reallocation  of  the  storage  in  the  existing  Grapevine  Reservoir 
and  increase  that  storage  presently  allocated  to  water  conservation 
purposes.  With  the  reallocation  of  storage,  under  2020  conditions  of 
watershed  development  and  a recurrence  of  the  1950-1957  drought  period, 
the  Grapevine  Reservoir  would  yield  about  42  million  gallons  per  day  or 
an  Increase  of  23.9  million  gallons  per  day  over  that  vrtiich  would  be 
produced  by  Grapevine  Reservoir  without  the  Increased  consei*vation 
storage. 
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e.  Tennessee  Colony  Reservoir  - The  Tennessee  Colony  dam  site 
is  located  at  river  mile  339  2 on  the  Trinity  River  about  l6  miles  west 
of  Palestine,  Texas  The  principal  structure  consists  of  an  earth  fill 
dam  with  a maximum  height  of  llU  feet  above  streambed  and  a total  length 
of  29,900  feet  including  a 520-foot  concrete  spillway  controlled  by 
eleven  40  x 35-foot  tainter  gates  The  resein/oir  will  have  a total 
controlled  storage  of  3>366,800  acre-feet  and  an  area  of  119,500  acres 
at  elevation  285  0,  top  of  spillway  gates  or  top  of  flood  control  pool. 

The  total  storage  includes  2,144,300  acre -feet  for  flood  control, 

1,032.500  acre-feet  for  water  conservation  and  190,000  acre-feet  for 
sediment  reserve.  The  1,032,500  acre-feet  of  conservation  storage  is 
estimated  to  provide  a yield  of  450  cubic  feet  per  second  or  290  8 
million  gallons  daily  under  2020  conditions  of  watershed  development 
during  a recurrence  of  the  1950-1957  drought  period  The  gated  spill- 
way of  Tennessee  Colony  dam  would  control  the  river  discharges  passing 
the  84  X 600-foot  locks,  iOB  located  in  the  dam,  and  lOA  located  about 

0 6 of  a mile  downstream 

f.  West  Fork  Floodvay  - The  West  Fork  Floodway  project  consists 
of  a component  part  of  the  multiple  purpose  channel  for  navigation  and 
flood  control,  and  a floodway  from  the  mouth  of  the  West  Fork  in  the 
Dallas  Floodway,  upstream  a distance  of  about  3I  channel  miles  to  the 
beginning  of  the  existing  Fort  Worth  Floodway.  Flood  control  features 
include  the  following  items 

(1)  Realignment  and  enlargement  of  the  channel  to  provide 
bottom  widths  varying  from  I50  to  200  feet 

(2)  Enlargement  and  realignment  or  diversion  of  avout  16.T4 
miles  of  tributary  channels  through  leveed  areas 

(3)  A parallel  levee  system  consisting  of  about  34  0 mules 
of  levee  along  the  left  bank,  9 1 miles  of  new  levee  and  rehabilitation 
of  1.5  miles  of  existing  levee  on  the  right  bank  The  floodway  varies 
in  width  from  1,000  feet  to  3 >000  feet  between  centerline  of  levees 
Floodway  capacity  varies  from  about  95,000  to  l60,000  cubic  feet  per 
second  Levees  have  1 on  2 5 side  slopes  with  a 10-foot  crown  width 
and  will  provide  4 feet  of  freeboard  above  the  design  water  surface. 

f4)  The  provision  of  gravity  interior-drainage  facilities, 
modification  of  14  main  stem  and  5 tributary  channel  bridges,  construction 
of  one  road,  and  filling  of  eight  areas  outside  proposed  leveed  areas 

g.  Elm  Fork  Floodway  - The  Elm  Fork  Floodway  project  extends 
along  the  Elm  Fork  from  its  mouth  to  Lewisville  Dam  and  along  Denton 
Creek  from  its  mouth  to  Grapevine  Dam  and  includes  the  following  items: 
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(1)  Rectification  of  the  Elm  Fork  channel  from  Lewisville 
Dam  to  mouth  of  Denton  Creek.  The  50-foot  bottom  width  channel  will 
provide  a discharge  capacity  of  10,000  cubic  feet  per  second. 

(2)  Clearing  7.0  miles  of  channel  and  flood  plain,  and 
realignment  and  enlargement  of  the  lower  1 9 miles  of  Denton  Creek  to 
its  mouth  to  provide  a channel  capacity  of  7,000  cubic  feet  per  second. 

(3)  Rectification  of  14.3  miles  of  Elm  Fork  Channel  from 
the  mouth  of  Denton  Creek  downstream  to  the  West  Fork  to  provide  a 
100-foot  bottom  width  channel  with  a discharge  capacity  of  15,000 
cubic  feet  per  second. 

(4)  Enlargement  and  realignment  of  about  11.2  miles  of 
tributary  channels  through  leveed  areas. 

(5)  A parallel  levee  system  of  about  24.8  miles  along  the 
left  bank,  l4.1  miles  of  new  levee  and  rehabilitation  of  1 8 miles  of 
existing  levee  on  the  right  bank,  with  minimum  floodway  width  of  1,100 
feet  between  centerline  of  levees.  The  floodway  capacity  varies  from 
58,000  to  61,000  cubic  feet  per  second.  Levees  have  1 on  2 5 side 
slopes  with  a 10-foot  crown  width,  and  will  provide  4 feet  of  freeboard 
above  the  design  water  surface. 

(6)  The  provision  of  gravity  interior  drainage  facilities, 
modification  of  18  bridges  and  construction  of  two  streets,  filling  of 
four  areas  outside  proposed  leveed  areas,  and  relocation  of  utility  lines 

h.  Dallas  Floodway  Extension.-  The  Dallas  Floodway  Exienslon 
project  includes  a component  part  of  the  multiple  purpose  channe-  fo" 
navigation  and  flood  control,  improvement  of  the  lower  portion  of 
White  Rock  Creek,  and  a floodway  downstream  from  the  Dallas  Flo<oaw'i>  to 
Five  Mile  Creek.  Flood  control  features  include  the  following  items 

(1)  Rectification  of  the  Trinity  River  to  provide  a 150- 
foot  bottom  width  channel  with  a capacity  of  35 >000  cubic  feet  per 
second. 

(2)  Enlargement  and  realignment  or  diversion  of  about  10-5 
miles  of  tributary  channels  through  leveed  areas. 

(3)  A parallel  levee  system  of  about  10.2  miles  of  left 
bank  levee,  and  l4.6  miles  of  new  levee  and  rehabilitation  of  0.6  mile 
of  existing  levee  on  the  right  bank.  The  main  stem  floodway  is  to  have 
a minimum  width  of  2,000  feet  between  centerline  of  levees  Floodway 
capacity  varies  from  l63,800  to  174,600  cubic  feet  per  second  Levees 
have  1 on  2.5  side  slopes  with  a 10-foot  crown  width  and  will  provide 

4 feet  of  freeboard  above  the  design  water  surface. 
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(4)  The  provision  of  gravity  interior-drainage  facilities, 
modification  of  13  bridges,  filling  of  one  area  outside  the  proposed 
leveed  areas,  and  relocation  of  utility  lines. 

1.  Duck  Creek  Channel.-  The  plan  of  improvement  for  Duck 
Creek  consists  of  a channel  improvement  project  along  the  main  channel 
in  the  vicinity  of  Garland,  Texas,  from  creek  mile  10. 38  to  mile  17.53- 
The  project  includes  the  following  features; 

(1)  Realignment  and  enlargement  of  about  66  miles  of 
Duck  Creek  Channel  including  O.58  mile  of  concrete  gravity  wall 
section,  to  provide  sufficient  capacity  to  contain  discharges  varj'ing 
from  21,500  cubic  feet  per  second  at  the  upstream  end  to  40,700  cubic 
feet  per  second  at  the  downstream  end  of  the  project. 

(2)  The  modification  of  10  bridges,  and  alteration  and 
relocation  of  utility  lines, 

j . Liberty  Local  Protection. - The  plan  of  improvement  in 
the  vicinity  of  Liberty,  Texas,  in  addition  to  the  multi pic -purpose 
channel  along  the  Trinity  River,  includes  construction  of  about  53 >500 
feet  of  levee  and  provision  of  appurtenant  interior  drainage  facilities 
consisting  of  permanent  sump  areas,  gated  gravity  drains  and  two  pump 
stations . 

k.  Pipeline . - In  order  to  facilitate  pollution  abatement 
along  the  Trinity  River  from  Fort  Worth  downstream  to  the  vicinity'  of 
Rosser,  Texas,  a supply  of  about  80  million  gallons  of  water  per  day 
of  acceptable  quality  would  be  necessary  at  Fort  Worth  This  water  is 
available  from  Tennessee  Colony  Reservoir  and  would  be  delivered  by 
pipe  line  to  Benbrook  Reservoir,  14  miles  upstream  from  Fort  Worth  on 
the  Clear  Fork  of  the  Trinity  River  The  use  of  Benbrook  Reservoir 
for  terminal  storage  will  enable  the  pipe  line  to  be  sized  for  average 
demand  rather  than  for  a higher  peak  demand  and  will  also  enable  the 
regulation  of  the  flows  in  the  river  in  contrasting  periods  of  drought 
and  excessive  runoff  The  water  from  Tennessee  Colony  Reservoir  would 
be  conveyed  to  Benbrook  Reservoir  through  an  84 -inch  pipe  line.  The 
pipe  line  would  be  approximately  98  miles  long  and  there  would  be  4 
pumping  stations  - a main  station  at  the  Tennessee  Colony  Reservoir 
Intake  and  3 booster  stations  along  the  pipe  line. 

7-  PROJECT  COSTS.-  The  total  estimated  first  cost  of  the 
projects  in  the  recommended  plan  of  development  to  be  authorized  at 
this  time  for  the  Trinity  River  Basin,  based  on  January  I962  prices  is 
$900,746,400.  The  first  cost  operation  and  maintenance  costs  and  annual 
charges  for  the  units  in  the  plan  are  shown  in  table  1. 

8.  ECONOMIC  ANALYSES.-  The  annual  charges,  annual  benefits  and 
and  benefit-cost  ratios  for  100-year  economic  life  and  ^O-ycar  economic 
life  for  the  recommended  plan  of  development  and  for  each  unit  in  the 
plan  are  shown  in  table  2. 
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9 PHYSICAL  FEASIBILITY  AND  PROVISION  FOR  FUTURE  NEEDS  - The 
proposed  plan  of  development,  as  presented  in  paragraph  6 above, 
was  found  to  be  the  most  favorable  and  practical  means  of  meeting  the 
navigation,  flood  control,  water  supply,  water  quality  control,  and 
recreation  problems  in  the  Trinity  River  Basin  The  multiple -purpose 
channel  design  is  the  result  of  combining  the  need  to  increase  the 
discharge  capacity  of  the  channels  downstream  from  flood  control 
reservoirs  with  the  need  to  provide  a channel  for  navigation  and  effects 
considerable  saving  in  cost  to  both  purposes.  The  Fort  Worth -Dallas 
metropolitan  area  is  one  of  the  largest  in  the  country  without  water 
transportation,  and  the  studies  of  the  problem  determined  that  it  is 
both  physically  and  economically  feasible  to  provide  it  Adequate 
recreation  facilities  to  meet  the  anticipated  needs  of  the  general 
public  will  be  provided  along  the  pools  formed  by  the  navigation  locks 
and  dams.  The  flood  control  feature  of  the  multiple -purpose  channel 
must  be  included  in  the  flood  control  plan  for  the  basin  and  provides 
the  most  effective  means  of  reducing  the  remaining  flood  damages  below 
the  flood  control  reservoirs  It  not  only  Increases  the  operational 
effectiveness  of  the  reservoirs,  it  also  increases  the  operational 
effectiveness  of  the  levee  sluices  along  the  channel.  With  the  addition 
of  the  flood  control  features  of  the  Lakeview  and  Tennessee  Colony 
Reservoirs  to  the  existing  and  authorized  flood  control  plan,  the 
increased  channel  capacity  provides  adequate  flood  protection  to  the 
rural  areas  along  the  channel. 

a.  A regional  analysis  of  flood  control  storage  requirements 
in  the  Trinity  River  Basin  Indicated  that  the  Lakeview  and  Tennessee 
Colony  Reservoirs  should  have  sufficient  flood  storage  capacity  to 
regulate  the  50-year  flood  from  their  watershed  areas  to  non-damaging 
proportions  downstream  The  flood  control  storage  provided  in  existing 
reservoirs  on  other  sub-watersheds  is  adequate  when  considered  in 
conjunction  with  the  proposed  Increased  channel  capacities  downstream 
from  these  reservoirs.  The  selected  capacity  for  the  Lakeview  and 
Tennessee  Colony  Reservoirs  is  sufficient  to  control  the  floods  of 
record  and  the  volume  of  flood  control  storage  provided  approximates 
that  which  is  required  to  control  floods  of  50-year  frequency. 

b.  In  determining  the  conservation  storage  capacity  that 
should  be  provided  in  the  reservoirs,  cognizance  was  taken  of  the 
State's  expressed  policy  for  maximum  practical  development  of  the 
water  resources  of  the  Texas  river  basins  Studies  of  the  Lakeview 
Reservoir  indicated  that  conservation  storage  capacity  of  306,400 
acre-feet  should  be  provided  which  will  develop  all  the  water  resources 
of  the  watershed  above  the  dam  site  In  the  interest  of  developing  a 
multiple -purpose  reservoir  at  the  Tennessee  Colony  site,  which  was 
limited  by  the  town  of  Trinidad,  it  war.  possible  to  provide  1,032,500 
acre-feet  of  conservation  storage  capacity,  a portion  of  which  would  be 
used  to  provide  dilution  water  for  water  quality  control  on  an  Interim 


basis  To  further  meet  the  water  needs  of  the  upper  basin,  s'udies 
indicated  that  resei^oirs  at  the  Aubrey  and  Poanoke  sites,  witn  an 
exchange  of  storage  between  the  Garza-Little  Elm  and  Grapevine 
Reservoirs,  respectively,  would  provide  additional  conservation  yield. 
The  additional  yield  of  6^.3  million  gallons  per  day  of  the  Aubrey- 
Garza-Little  Elm  system  would  provide  dilution  water  for  water  quality 
control  purposes  on  an  interim  basis  The  additional  yield  of  the 
Roanoke -Grapevine  system  of  23  9 million  gallons  per  day  would  not  be 
needed  immediately;  consequently,  it  is  recommended  that  construction 
of  this  reservoir  be  deferred  until  the  need  becomes  apparent  In 
connection  with  the  reservoirs,  adequate  recreation  facilities  are 
included  to  meet  the  needs  of  the  anticipated  visiting  public 

c.  To  alleviate  the  pollution  problem  that  exists  in  the 
Trinity  River,  particularly  in  the  reach  from  Fort  Worth  to  Tennessee 
Colony  Reservoir,  dilution  water  can  be  provided  from  the  Tennessee 
Colony  and  Aubrey  Reservoirs  on  an  interim  basis  until  this  water 
is  needed  for  municipal  and  industrial  purposes  It  is  anticipated 
that  sewage  treatment  plants  and  procedures  will  improve  with  time 
and  that  when  the  water  from  these  reservoirs  will  be  needed  for 
municipal  purposes,  it  will  no  longer  be  needed  for  water  quality 
control.  Water  from  the  Tennessee  Colony  Reservoir  will  be  pumped 
through  an  84-inch  pipe  line  to  Benbrook  Reservoir  from  which  it  will 
be  released  for  quality  control  purposes  The  pipe  line  also  would 
be  used  on  an  interim  basis  and  eventually  be  converted  to  municipal 
and  Industrial  use 

d The  flood  plain  areas  along  the  West  Fork  between 
Fort  Worth  and  Dallas,  along  the  Elm  Fork  downstream  from  Denton 
Creek,  along  the  Trinity  River  downstream  from  the  Dallas  Floodway 
to  Five  Mile  Creek,  and  along  the  left  bank  of  the  Trinity  River  in  the 
vicinity  of  Liberty,  would  not  be  afforded  sufficient  protection  from 
floods  by  increasing  channel  capxicitles  with  or  without  the  addition  of 
upstream  flood  control  reservoirs.  These  areas  are  considered  to  be 
urban  in  character  and  should  be  provided  with  protection  from  floods 
resulting  from  the  standard  project  storm  These  units,  with  levees 
to  standard  project  design,  are  both  physically  and  economically 
feasible.  Protection  of  the  area  along  Duck  Creek  in  'Garland,  from 
floods  of  standard  project  magnitude,  by  means  of  a channel  enlargement 
project,  is  both  physically  and  economically  feasible 

e.  The  above  mentioned  projects  are  predicated  on  present 
needs  and  anticipated  future  developments  All  the  projects  are  both 
physically  and  economically  feasible.  Should  future  developments  occur 
in  a jjattem  much  different  tiian  that  now  expected,  additional  projects 
may  be  added  to  the  proposed  plan  to  meet  these  needs 
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10,  EXTKNT  OF  INTEREST  IN  THE  PLAN  OF  IMPROVEMENT  - A public 
hearing  was  held  in  Fort  Worth,  Texas,  on  December  20,  196I  by  the 
Corps  of  Engineers.  Principal  features  of  the  recommended  plan  of 
improvement  for  the  Trinity  River  Basin  were  presented  at  this 
hearing.  The  widespread  interest  in  the  plan  of  Improvement  was 
evidenced  by  the  attendance  of  approximately  1^00  persons  Oral 
testimony  was  given  by  97  of  those  present  and  of  these,  90  were  in 
favor  of  the  proposed  plan  of  improvement,  four  were  opposed,  and 
three  spoke  in  opposition  to  the  Wallisville  Reservoir  project  which 
was  not  a project  for  consideration  at  this  hearing  The  opposition 
to  the  plan  of  improvement  was  principally  from  the  Texas  Railroad 
Association  and  from  civic  organizations  from  West  Texas  cities 
outside  the  Trinity  River  Basin.  The  opposition  centered  mainly 
against  the  barge  navigation  feature  of  the  improvement  plan  and  no 
objections  were  made  to  the  proposed  flood  control  and  water  conserva- 
tion features  of  the  plan.  A total  of  320  briefs  were  submitted  prior 
to,  during  and  subsequent  to  the  hearing  for  incorporation  in  the 
record  of  the  public  hearing.  Of  these  briefs,  27h  were  in  favor  of 
the  plan,  35  were  in  opposition,  six  were  noncommital  and  five  were 
concerned  with  the  above  mentioned  Wallisville  Reservoir  project. 

a The  President  of  the  Trinity  Improvement  Association  and 
Chairman  of  the  Executive  Committee  of  the  Trinity  River  Authority  of 
Texas,  by  letter  dated  October  2,  I96I,  furnished  the  following 
general  assurances  of  local  cooperation: 

"The  Trinity  Improvement  Association  and  the  Trinity 
River  Authority  of  Texas  desire  to,  at  this  time,  express  in  general 
their  approval  of  the  proposed  plan  of  improvement  developed  by  the 
District  Engineer  for  the  Trinity  River,  Texas  * ♦ * * 

"It  is  considered  that  the  Trinity  River  Authority  of 
Texas  will  be  the  agency  designated  by  the  State  Board  of  Water 
Engineers,  (now  Texas  Water  Commission)  with  which  the  Corps  of 
Engineers  should  negotiate  in  matters  concerning  conservation  storage 
in  any  of  the  proposed  new  reservoirs  in  the  Trinity  River  watershed 
and  should  negotiate  in  matters  pertaining  to  local  flood  protection 
improvements. 


"It  is  the  Intent  of  the  Trinity  Improvement  Association 
to  sponsor  the  navigation  and  local  flood  protection  projects  which 
are  included  in  the  project.  There  is  an  expressed  willingness  on  the 
part  of  the  Association  Board  of  Directors  and  the  Trinity  River 
Authority  of  Texas  to  undertake  to  comply  singularly  and/or  jointly 
on  all  of  the  usual  items  of  cooperation  generally  required  of  local 
interests  in  accordance  with  existing  Federal  laws  and  the  Corps  of 
Engineers  regulations  in  connection  with  * * * * the  plan  * * * 
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Also  by  letter  dated  August  9>  19^2,  the  assurances  of  local  cooperation 
were  extended  to  include  those  units  added  to  the  plan  of  development 
subsequent  to  the  letter  dated  October  2,  I96I. 

b The  desires  of  local  Interests  relative  to  deferment 
of  pajTnent  for  the  cost  of  any  portion  of  the  storage  space  for 
future  water  supply,  as  set  forth  by  the  Water  Supply  Act  of  1958, 
are  not  known  at  this  time. 

11.  ALLOCATION  OF  COSTS.-  The  results  of  the  cost  allocation 
studies  of  the  recommended  Lakevlew,  Aubrey,  Roanoke,  and  Tennessee 
Colony  Reservoir  projects  by  the  Separable  Costs -Remaining  Benefits 
method  and  by  other  methods  called  for  in  Senate  Resolution  l48, 
based  on  economic  lives  of  100  years  and  50  years,  are  presented  in 
tables  3 through  6,  respectively.  Costs  allocated  to  water  conservation 
for  muncipal  and  industrial  purposes  are  the  responsibility  of  local 
interests.  Costs  allocated  to  water  quality  control  were  made  on  the 
basis  of  use  for  this  purpose  and  are  the  responsibility  of  the  Federal 
Government.  The  full  local  cooperation  requirements  for  the  recommended 
reservoir  Improvements  provide  that  prior  to  construction,  local  interests 
give  assurances  satisfactory  to  the  Secretary  of  the  Army  that  they 
will  obtain  all  the  necessary  water  rights  and  contribute  the  part  of 
the  total  first  cost  of  the  projects  and  the  annual  cost  of  operation, 
maintenance,  and  replacements  allocated  to  water  conservation  for 
municipal  and  industrial  purposes.  As  presently  estimated,  the 
costs  allocated  to  water  conservation  which  would  be  the  responsibility 
of  local  Interests  for  the  reservoirs  recommended  for  authorization  at 
this  time  are  shown  in  the  following  tabulation. 


Reservoir 

: Allocated  : 
:First  Cost  : 

Allocated 

Annual  Operation,  Maintenance 
and  Replacement  Costs 

Lakevlew 

$14,960,200 

$ 76,600 

of  total) 

(47.98) 

(21.81) 

Aubrey 

14,360,800 

47,080 

of  total) 

(42.15) 

(9.25) 

Roanoke 

14,997,100 

41,750 

(^|t  of  total) 

(88.74) 

(53.53) 

Tennessee  Colony 

29,679,200 

281,300 

of  total) 

(15.32) 

(10.04) 

TARIX  3 


ALLOCATION  OF  COSTS 
lAKEVT&r  BESS^VOIP 
(SB3WTE  RESOLOTION  liv8) 
(in  thousand  dollars) 


: Separable  Costs 

Use  of 

Priority 

Tncrementa 

Rcnalnlng  Benefits  : 

Facilities 

of  Use 

Cost 

I ten: 

: Method 

Method 

Method 

; Method 

BCONOMIC  IJFF  OF  100  YEABL 

AllocatloriB  to  flood  control 
First  cost 

i 9,2130 

$ 8,652.1* 

♦ 8, 1187. 2 

$14,315.0 

(*) 

(29.55) 

(27.75) 

(27.22) 

•45.91) 

/annual  cost  of  '•operation, 

$ 65.4 

naintenance,  and  rep-a-ement 

i 56.5 

4 1*1*. 0 

$ 95.6 

{*) 

(16.08) 

(12.75) 

(27.22) 

(18.62) 

Allocations  to  vater  conservation 
^I’-st  cost 

4111,960.2 

$17, 261*. I* 

$11,1*89.8 

$11,603.0 

(*) 

(1*7. 98) 

(55.37) 

(36.85) 

(37.21) 

Annual  cost  of  operation, 

rasinlenance  and  replacenent 

4 t6.6 

$ 91.5 

$ 129.5 

$ 70.9 

(•'.) 

(21.81) 

(26.05) 

(36.85) 

(20.16) 

Allocations  to  recreation 
First  cost 

$ 7,006.1 

•t  5,263.2 

$11,203.0 

$ 5,2te.O 

('■■) 

(22.1*7) 

(16.88) 

(35.93) 

(16.88) 

/uinual  cost  of  'operation 

and  nalntenance 

$ 218.2 

$ 215.0 

{,  .26.2 

$ 215.0 

(4) 

(62.11) 

(61.20) 

(35.93) 

(61.20) 

ECONOMIC  r.IFE  F % ’I'EAIili 

All  -cations  to  flood  control 
^Irst  cost 

C 9,232.4 

$ 8,649.3 

$ 8,244.0 

$14,315.0 

(29.61) 

(27.74) 

(26.44) 

(45.91) 

Annual  c‘'$st  of  operation. 

r»lntenance,  and  replacenent 

$ 55.5 

$ 44.0 

$ 92.5 

$ 64.0 

(15.86) 

(12.57) 

(26.44) 

(18.23) 

All-'catlons  to  water  conservation 
First  coat 

$14  078.9 
(48.94) 

$17,261.5 

$11,131.3 

$11,603.0 

(i) 

(55.30) 

(35.70) 

(31.21) 

Annual  cost  of  operation. 

maintenance,  and  replacement 

.{  76.4 

$ 90.9 

$ 124.9 

$ TO. 9 

(%) 

(21.84) 

(25.98) 

(35.70) 

(20.26) 

All  jcatlons  to  recreation 

$ 6,968.7 

$ 5,263.2 

$11,804.7 

$ 5,262.0 

(i) 

(22.35) 

(16.88) 

(37.86) 

(15.88) 

Ann'ial  cost  of  'Tperatlon 

and  maintenance 

$ 218.0 

$ 215.0 

$ 132.5 

$ 215.0 

(%) 

(62.30) 

(61.45) 

(37.86) 

(61.45) 

13  EH  l48 
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TABLE  U 

ALLOCATION  OF  COSTS 
AUBP.Ey  RBSroVOTP 
(SENATE  RESOIilTriON  l48) 
(In  thousand  doLlara) 


’ Costs 

Use  of 

Priority 

; Incremental 

: Remaining  Benefits  ; 

Facilities 

of  Use 

: Cost 

Item 

Method  : 

Method  : 

Method 

Method 

ECONOKIC  LIFE  OF  100  YEARS 


Allocations  to  water  conservation 
First  cost 

Municipal  and  industrial 

$ii*, 360.8 

ii5,ooo.‘* 

(U*.02) 

$10,214.2 

$15,167.0 

(44.51) 

{*) 

(‘•2. 15) 

(29.98) 

Water  Quality 

.$  8,590.8 

$ 8,973.'* 

$ 6,110.2 

$ 9,073-0 

(%) 

(25.21) 

(26. 31*) 

(17.93) 

(26.63) 

Annual  cost  of  operation, 

maintenance,  and  replacement 

^tinicipal  and  Industrial 

$ ‘•■'.08 

$ 60.1 

$ 152.6 

$ 60.1 

(*) 

(9.25) 

(11.81) 

(29.98) 

(11.31) 

Water  q’lallty 

f 28.17 

$ 35.1 

$ 91.3 

$ 35.9 

{%) 

(5.53) 

(7.05) 

(17.93) 

(7.05) 

AliocatJcrs  to  recreation 

rirst  cost 

ill, 121. !• 

$10,099.2 

$17, 7^*8. 6 

.$  9,833.0 

it) 

(32.6‘*) 

(29.64) 

(52.09) 

(28.86) 

Annual  cost  of  operation  and 

maintenance 

i ‘•33.75 

$ 413.0 

$ 265.1 

$ UI3.O 

(%) 

(85.22) 

BTONOMIC  UfE  OF  50  YEAR". 

(81.14) 

(52.09) 

(81.11*) 

Allocations  to  water  conservation 
First  cost 

Municipal  and  Industrial 

il3.‘*33.6 

$14,031.9 

iio,oi5.‘* 

;14,18v.7 

(t) 

(39. ‘•3) 

(41.18) 

(29.39) 

(41.64; 

Water  qiiallty 

t 9,518.0 

f 9,941.9 

■t  7,096.1 

*10,052.3 

(t) 

(27.93) 

(29.18) 

(20.83) 

(29.50) 

Annual  cost  of  operation, 
maintenance  and  replacement 

l^lclpal  and  industrial 

: ‘•3.5 

i 55.6 

$ 149.3 

$ 55.6 

if) 

(8.571 

(10.94) 

(29.39) 

'10.14) 

Water  quality 

i 30.9 

$ 39.4 

t 105.8 

■C  39.4 

(») 

'6.06) 

(7.76) 

(20.83) 

C •rC) 

Allocations  to  recreation 

First  cost 

111, 121. Il 
(32.64) 

$10,099.2 

$16  97.1.5 

$ 9,833.0 
(28.^) 

(t) 

(29.64) 

(49.78) 

Annual  rost  of  operation 


and  nalntenanr#  f,  ^33.6 

«)  {85.35) 


# Itlj.o 
(81.30) 


$ 252.  ? 

(‘•9.78) 


$ 1*13.0 

(81.30) 


TABtf  5 

AU/ICATION  "T  COSTS 
BOANOKE  RFSEBVOTP 
{'JHIATE  REEOLITION  lUfl) 
(In  thmisand  dollnra) 


Separable  Costs 

: perralnlng  F^nefits  : 
Method 

Use  of  : 

Facilities  : 
'lethod 

yVlorlty 
of  Use 
•lethod 

tnc remen*al 
Cost 
Met'f.od 

HTORctiTC  LITE  OF  100  YEAP.S 

Allo-'»tion8  to  water  conservation 
frlrat  coat 

Ot) 

.♦•ll.,'«7.1 
(88. 7U) 

715,330.0 

(90.71) 

'‘13,770.1* 

(-80.89) 

‘15*505.0 

(91.-5) 

Anm\al  cost  of  operation, 

nalntenance,  and  replacement 

w 

1*1 . 75 
(53-53) 

t 53-0 

(87.95) 

(80,^0) 

: 51.0 
.'65.30) 

.Mlocatlons  to  recreation 
First  <'oat 

i^) 

t 1, '102.7 
(11.27) 

i l,5’^0.0 
(9-^) 

; 3,229.6 
(19.11) 

‘ 1,395.0 

(3.25) 

Annual  cost  of  cTjeratlorj 
ar.d  maintenance 

f--.) 

J 38.25 
(Af..AT) 

t 25.0 
(32-05) 

t 1^.9 

(19.11) 

Eco:;o:n'~  t-nr  of  50  yeabs 


AIIocAtlonl  to  water  conservation 
' rst  coat 

(<) 

Annual  coat  of  operation, 

n*lntenam"»,  and  raplaceiaent 

(•;) 


Alloratlona  to  racma'lon 
First  coat 
(*) 

Annual  coat  of  oper- 
and maintenance 
(*) 


'(18.75) 

* I4O.8 

(52.77) 


1,701.2 

(11.25) 

37.2 

(■•7.01) 


*15.330.0 

♦13,820.8 

tU-, 50^.0 

(90. •■1) 

(81. ’8) 

*l . 5 ' 

* 52.0 

t 63.0 

‘ MD.O 

(67.53) 

(81.  -8) 

J 1,570.0 

♦.  t,079.J 

t \,yr>.o 

(9.2')) 

(18.22) 

(8.25) 

.*  25 .0 

♦ lA.O 

2'^.p 

(32.1*7) 

(18.22) 

(35. > ) 

1 


TAPI£  6 


ACWCATION  or  COSTS 
TF3WESSKE  COI/WY  RESERVOr? 
(SHWTE  PESOUfTION  1U6) 
(in  thousand  dollars) 


Separable 

Use  of 

: ■ ■MofiTJ 

Incremental 

: Remaining  Benefits  : 

Facilities 

of  ' 'se 

; Cost 

Item 

; Method 

Method 

Method 

Method 

ETOWCMIC  LITE  OF  100  YEAPS 


Allocstlons  to  flood  control 
^Irst  rosi 
(%) 

Annual  cost  of  operation, 
maintenance  and  replacement 

(f) 


$J*2,663.6 

(22.02) 

$ '•0.3 

(l.i*'*) 


$52,181.0 

(26.93) 

* 106.2 

(3-79) 


$23,881.3 

(ll*.90) 

$ 288.0 
(10.28) 


$56,380.0 

(29.10) 

$ 9^.7 

(3.38) 


AIlo<-ations  to  water  conservation 
^rst  coat 

Rese'i^lr  - municipal  and  industrial  'jse 
Pipe  line  - munlc  Ipal  and  Industrial  use 
Total 
(«) 

Reservoir  - water  q\allty  control 
Pipe  line  - water  quality  control 
Total 


$21,227.9 

8,>*51.3 

(15.32) 
$ 6,U05.‘> 


$19,299.9 
8.I.51.3 
$2', 75 1.2 
(11*. 32) 
$ 5,823.7 

U8.192.T 

$?!.■;  570 


$17,013.9 
8,1.51.3 
$55,1.65.2 
(13.1“.) 
$ 5,133.9 

U8.192.-' 

$55;  j«.’’ 


$16,070.  •’ 

8,1.51.3 
$2U,5»^ 
(12.65) 
$ <.,8<.9.3 
18,192.7 


(t) 

' (28.17) 

(27.88) 

(2^.52) 

(27.37) 

Annual  cost  of  operatlwi, 
maintenance,  and  replacement 

^eservolr  - ftrjriclpal  and  Indvistrlal  use 

$ 67.3 

$ 39.3 

$ 169.6 

$ 

U8.1 

Pipe  line  > municipal  and  Industrial  use 

21k.  0 

21k.  0 

21k. 0 

21*».0 

Total 

7 5BTT1 

i 555.5 

* •i'^’7 

T- 

565.1 

«) 

(10. ok) 

(9.0k) 

(13.69) 

(9.36) 

Reservoir  - water  quality  control 

$ 20.3 

$ 11.“ 

51.2 

♦. 

Ik. 5 

Pipe  line  - water  quality  control 

1,220.3 

1,220.3 

1,220.3 

Total 

• i;2kfl.. 

$ 1,232.1 

$ l,2’’l.^ 

l,23k.« 

(•$) 

(Uk.28) 

(k3.'.8) 

(k5.38) 

(kfc.07) 

ocations  to  navigation 

Plrat  cost 

$51,893.0 

$k7,751.5 

$58,«32.2 

$k 

',755.0 

(26.78) 

(2k. 6k) 

<30.3^) 

(2k. 6k) 

Annual  6*081  of  operation. 

maintenance  and  replacement 

♦ 660.5 

$ 6k3.1 

$ 586.6 

1 

(63.1 

w 

(23.57) 

(22.95) 

(20.9k) 

(22.95) 

A1  lo«-«tl  on.  to  rc..r^>tlon 
rir.t 

(f) 

AnniAl  ''ost  of  operation 
and  faalntenanre 
(*) 


$ll.,9<.8.1 

(7.71) 

$ 579.0 

(20.67) 


$12,081.9 

(6.23) 

$ 567.0 

(20.2k) 


$27,276.7 

(Ik. OB' 

$ 272.0 

(9.71) 


$12,i>83.0 

(6.2k' 

$ 567.0 

(20.2..' 
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tabu:  6 (cotirnriSB) 


AUXCATION  OF  COSTS 
THITJEESEE  COIyONY  PFSERVOIP 
(SHiykTE  nffiOU-TTOW  lUfl) 
(In  thousand  dollars) 


Separable  roata 

"ae  of 

iTlorlty 

; 'enialning  r«neflta  : 

Pacimiea 

of  ’’se 

Itejr. 

: ?4ethod  : 

Method 

Method 

HCCh'OMIC  LJE  ^ yO  YEATv 


Allorations  to  flood  control 
First  rost 
(«) 

Ar.nu«.l  roat  of  operation, 

railntenar.ee,  anil  replacement 

(t.) 


AU->catlon8  to  water  -onaervatlor. 
PI  ret  ^at 


Total 


Total 

(1-) 

Annual  '"oat  of  operation, 
mlnt^nanee  ar.^  replai^ewent 
Peaervolr  - ■*r,inlclpal  and 
Pipe  lire  » imnlclpal  and 
To*al 

(ri) 

Peaervoir  - water  q-allty 
Pipe  line  - water  q'lallty 
Total 


Allrpcatlor.a  to  navigatlor. 

' PI  rat  coat 

(r>) 

/vnnual  ^oat  of  operation, 
malnterance  ard  replacement 

(r.) 


Allocatlona  to  re^-reatlon 
FI  rat  coal 
'<) 

A/.niial  '•oat  of  opera 

(') 


Tncreren'al 

•^oat 

Method 


.t4A,405.3 

'22.91'* 

Jj?,l8i.o 

(26.93' 

*3A, 106.2 
'17.60) 

.56,380.0 

f29.09' 

•t  U7.0 

(1.68) 

.r  105 . • 

^3.-TF) 

r 339.3 
(12.121 

7 ">3.3 

(3.33) 

industrial  ,ise 

'*21,179.0 

-0- 

-0- 

♦18,  *06. 9 

-0- 

’'15, 151*. 1* 
-0- 

?or*  rol 

tJl.l'O.J 
'10.93) 
C 8, 05-'. 9 
tC/JtS.O 

)18,)W.5 
'9-39) 
^ ',92'‘.l 

S6.6i.l..O 

’9.60) 
I ’.0T9.0 
16/A1..0 

'15,1'^A.i. 

(7.32) 
? 5, -65.6 
5£,til.O 

'33-39) 

'^.8c) 

y 3,’23.i 
(32.89) 

:'2,lt09.f- 

'32.21) 

Industrial  oee 
Indjstrial  use 

♦ m3. 2 

-0- 

36.7 

-0- 

♦ 185.2 

-0- 

7 1*5.5 

-0- 

control 

T — nrr' 
(2.‘<‘‘) 

; S5.9 

l.‘‘3''-3 

T TT’ 

(1.31) 
?.  lU.o 
1,1. 31. 3 

. 2: 

: 70. i* 

1,1.34.) 

U.63) 

c 

1,431*. 3 

;5?.i') 

' t.UH.3 

'51.75) 

T^i.'A. 
(53.  "■') 

3l.r,r6«,.2 

> ■,  -1.5 

'21*.*'!.) 

.2  ’ 

>7.  “55.0 

'2U.f*A ' 

6»*1.3 

'22.91) 

1*1.1 
’22.  >1  : 

(18.U 

.?  'Al.3 

(22.91) 

f-alntenar,  e 

C19,  W.  ■ 
(8.1?) 
'^Bg.O 
'?o.')n) 

M2, 081. 9 

(S.a**) 
*.  567.0 

'20.26) 

*2f  >12.8 
'13.'  3: 

* 2*'.7.8 

'9.39' 

12,0.‘»3.0 
:•  .24 
5»  '.0 
^20.2?) 
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Local  cooperation  requirements  further  provide  that  local  interests 
be  permitted  to  contribute  their  share  of  the  construction  (a)  in  a 
lump  sum  prior  to  initiation  of  construction,  (b)  in  annual  amounts 
during  the  period  of  construction,  proportional  to  the  annual  Federal 
appropriations  for  construction  or  (c)  in  equal  annual  payments, 
including  interest  during  construction  and  interest  on  the  unpaid 
balance,  within  the  economic  life  of  the  project  but  in  no  event  to 
exceed  50  years  from  the  date  on  which  the  project  is  first  available 
for  storage  of  water  for  any  purpose.  Also,  that  local  interests  be 
permitted  to  contribute  t..eir  share  of  the  annual  cost  of  operation, 
maintenance,  and  replacements  (a)  on  an  annual  basis  as  these  costs 
are  incurred  or  (b)  in  one  lump  sum  on  a present-worth  basis. 

12,  REPAYMENT  ARRANGEMENTS.-  Possible  repayment  arrangements 
for  the  water-supply  provisions  in  the  recommended  Lakeview  and 
Tennessee  Colony  Reservoirs  are  described  in  paragraph  11  above. 

13.  ALTERNATE  PROJECTS.-  There  is  no  feasible  alternative 
to  any  of  the  units  in  the  comprehensive  plan  of  development  for 
the  Trinity  River  Basin  that  would  provide  the  same  degree  of 
effectiveness.  Studies  were  made  of  each  unit  in  the  plan  to  determine 
the  project  dimensions  that  would  result  in  the  maximum  excess  benefits 
over  costs.  However,  project  dimensions  were  adjusted,  where  necessary, 
to  make  each  u’--'t  compatible  with  the  overall  plan  for  the  basin,  and 
to  afford  the  project  areas  the  degree  of  flood  protection  warranted. 

n.  Studies  were  made  of  the  navigation  problem  including 
several  channel  alignments  and  bottom  widths,  with  both  9 and  12 
foot  depths,  and  various  lock  chamber  sizes  to  determine  the  project 
that  woiill  return  the  most  benefits  over  cost.  In  conjunction  with 
these  studies  was  the  problem  of  channel  discharge  capacity  which 
must  be  increased  for  efficient  operation  of  the  flood  control  feature 
of  the  existing  and  proposed  flood  control  reservoirs  in  the  basin 
and  to  permit  proper  operation  of  the  levee  sluices  of  each  of  the 
many  leveed  areas  below  the  reservoirs.  These  studies  resulted  in 
the  proposed  multiple -purpose  channel  project  which  meets  the  increased 
channel  capacity  requirements  for  flood  control  purposes  and  the 
requirements  for  the  most  feasible  navigation  project, 

b.  Preliminary  studies  of  many  potential  reservoir  sites 
for  flood  control,  water  conservation,  and  allied  purposes  determined 
that  the  Lakeview,  Aubrey,  Roanoke,  and  Tennessee  Colony  Reservoirs 
were  the  only  economically  feasible  reservoir  projects  to  be  Included 
in  those  recommended  for  authorization  at  this  time.  There  are  no 
other  practical  or  economically  feasible  projects  which  could  accomplish 
these  purposes  to  the  same  degree  as  would  these  reservoirs  Other 
dam  sites  were  Investigated  on  Mountain  Creek  for  the  Lakeview 
Reservoir  and  the  site  selected  was  made  on  the  basis  of  the  one  vdiich 
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would  return  the  most  excess  benefits  over  costs.  Other  sites  were 
also  investigated  for  the  Tennessee  Colony  Reservoir  and  the  one 
selected  exerted  the  greatest  flood  control,  being  below  the  major 
tributaries  of  Richland,  Chambers,  and  Cedar  Creeks.  This  site  was 
also  within  a reasonable  distance  for  pumping  water  upstream  to  the 
metropolitan  areas  of  Dallas  and  Fort  Worth.  Relocation  costs  for 
sites  further  downstream  would  increase  due  to  the  producing  oil 
fields  in  the  area  and  the  cost  of  pumping  water  upstream  wovild 
increase  also,  all  of  which  precluded  consideration  of  any  site 
further  downstream. 

c.  Studies  of  the  local  protection  projects  on  the  West 
Fork,  Elm  Fork,  Dallas  Floodway  Extension,  and  at  Liberty  included 
a determination  of  the  size  channel  rectification  project  which 
would  realize  the  maximum  excess  benefits  over  costs.  The  degree 
of  flood  protection  afforded  by  such  projects  was  not  considered 
adequate  for  these  areas.  Further  studies  were  made  varying  the 
channel  and  floodway  widths,  with  the  addition  of  levees  to  standard 
project  design,  to  determine  the  dimensions  of  such  a project  which 
would  return  the  greatest  net  benefits.  These  areas  could  not 
feasibly  be  protected  from  floods  resulting  from  the  standard  project 
storm  by  any  other  means  than  by  the  addition  of  levees.  Additional 
flood  control  storage  upstream  from  these  areas  could  reduce  levee 
heights  but  the  subsequent  saving  in  construction  cost  would  be 
insufficient  to  justify  the  construction  of  additional  reservoirs. 
Studies  of  the  local  protection  project  on  Duck  Creek  at  Garleind, 
Texas,  included  the  investigation  of  a reservoir  as  well  as  a channel 
rectification  project  to  protect  the  area  from  the  flood  of  record. 

It  was  determined  that  the  chauinel  project  to  afford  this  degree  of 
protection  would  realize  more  net  benefits  than  would  the  reservoir 
project.  However,  this  is  an  urban  area  and  this  degree  of  protec- 
tion was  not  considered  adequate;  consequently,  the  channel  rectifica- 
tion project  dimensions  were  altered  to  afford  this  area  protection 
from  floods  resulting  from  the  standard  project  storm.  There  are  no 
other  feasible  means  of  affording  this  area  the  degree  of  protection 
warreinted  than  the  channel  rectification  project. 

d.  The  principal  stream  pollution  problem  in  the  Trinity 
River  Basin  is  in  the  main  stem  from  Fort  Worth  to  the  vicinity  of 
Rosser.  There  is  no  water  available  for  quality  control  upstream 
from  Fort  Worth.  Therefore,  the  first  stage  of  development  to  meet 
this  requirement  is  a pipe  line  from  Tennessee  Colony  Reservoir  to 
Benbrook  Reservoir  to  provide  the  necessary  dilution  water.  The 
water  in  both  the  Tennessee  Colony  and  Aubrey  Reservoirs  will  be 
available  for  dilution  purposes  on  an  interim  basis  until  this 
water  is  needed  for  municipal  and  industrial  purposes. 
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COMPREHENSIVE  SURVEY  REPORT  ON 
TRINITY  RIVER  AND  TRIBUTARIES,  TEXAS 

APPENDIX  III 

NAVIGATION  AND  NAVIGATION  ECONCMICS 
INTRODUCTION 

1 . SCOPE  AND  PURPOSE.-  This  appendix  concerns  the  review  of  a 
congressionally  approved  plan  of  in5)rovenient  for  the  Trinity  River,  Texas, 
that  provides  for  a navigable  channel,  9 feet  deep  and  I50  feet  wide,  from 
the  Houston  Ship  Channel  in  Galveston  Bay  to  For-;  Worth,  Texas.  That  plan 
proposed  the  canalization  of  the  Trinity  River  ’.nannel  by  a system  ^f  26 
locks  and  dans  with  locks  ha-'.dLng  clear  basin  dimensions  of  75  feet  wide  by 
400  feet  long,  and  tainter  gated  dans  located  within  the  river  banks  to  over- 
come a totad  river  fall  of  ^96  feet  between  Fort  Worth  and  Liberty,  Texas. 

The  plan  was  approved  and  authorized  by  the  River  a^d  Harbor  Act  of  March 

2,  19^5>  in  accordance  with  the  reports  contained  in  House  Document  No.  403, 
77th  Congress,  1st  session. 

2 . The  report  of  the  Chief  of  Engineers,  dated  September  4,  19^1,  in 
House  Document  No.  403,  concluded  that  the  prospective  monetary  benefits 
from  the  project  were  only  slightly  less  than  the  annual  cost,  and  that 
there  was  a reasonable  possibility  that  with  continued  growth  of  industrial 
development  in  the  area  and  with  favorable  changes  in  the  conditions  that 
affect  water  transportation  the  benefits  woulu  probably  increase  sufficiently 
in  the  future  to  warrant  the  construction  of  the  waterway.  The  Chief  of 
Engineers  recommended  that  the  proposed  plan  be  approved  as  a whole  for 
consideration  in  the  future  and  that  the  existing  projects  which  afford  a 
6-foot  channel  to  Liberty  be  modified  to  conform  with  that  plan. 

3 . The  scope  of  this  report  comprises  a comprehensive  investigation 
of  the  physical  and  economical  aspects  of  providing  a shallow-draft  naviga- 
tion channel  for  modern  barge  tow  operation  from  the  Houston  Ship  Channel 
via  the  authorized  channel  to  Liberty  and  the  Trinity  River  to  Fort  Worth, 
Texas.  The  primary  object  of  the  investigation  was  to  determine  the 
feasibility  of  providing  barge  navigation  upstream  to  Fort  Worth  and,  if 
found  feasible,  to  develop  a plan  for  navigation  which  is  in  accord  with 
full  development  of  the  entire  Trinity  River  Basin's  water  resources. 

4 . Engineering  studies  utilized  existing  topographic  data  augmented 
by  cross-sections  of  the  river  and  controlled  aerial  mos£d.cs  for  channel 
ollnement  studies,  channel  excavation,  clearing  and  grubbing,  rit^t-of-wac> , 
spoil  disposal  areas  and  severed  land  areas.  Available  subsurface  infor- 
mation augmented  by  additional  borings  at  selected  lock  sites,  Includl.ng 
laboratory  testing  of  typicail  sanples  from  the  core  borings,  were  'uaed  l.n 
determining  types  of  material  to  be  encountered  in  excavation  of  the  ; r - 
posed  channel  and  for  euialysis  of  bank  stabilization  worKS.  "Office 
Included  design  studies  relating  to  the  proposed  locks  w’.J  iats . - . 

and  railroad  bridges,  access  roads,  includir**  tJie  preparat  1 1.  r .f  - 
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estimates  of  oonstructlcn  coots  cf.  these  structures  and  facilities. 

Hydrologic  and  hydraulic  studies  were  made  to  determine  the  design  of 
the  proposed  channel  and  the  extent  and  character  of  the  regulated 
flows  in  the  various  reaches  of  the  channel.  The  studies  also  Include 
the  hydraulic  analyses  of  ta inter  gate  requirements  for  the  movable 
dams,  the  filling  and  emptying  system  of  the  locks  Including  a deter- 
mination of  the  water  req^uirements  for  operation  of  the  system  of  locks 
required  for  tiraneportatior  of  tie  prospective  commerce. 

? . The  economic  studies  included  a field  traffic  survey  of  the 
area  tributary  to  the  channel  to  Fcrt  Worth,  estimates  of  prospective 
commerce  that  would  move  by  barge  over  the  channel  and  savings  in 
transportation  charges  creditable  to  the  movement  of  commerce  on  the 
channel.  Special  studies  were  made  to  determine  the  current  barge - 
line  operating  costs,  transfer  and  terminal  handling  costs,  switching 
and  other  charges  Incidental  in  determining  full  costs  of  commerce 
movement  on  the  channel.  Special  studies  also  were  made  of  the 
prospective  sand,  gravel  and  stone  movements,  and  of  the  prospective 
grain  and  cotton  movement  over  the  proposed  channel.  Related  studies 
on  the  characteristics  of  growth  cf  economic  factors  in  the  tributary 
traffic  area  concerning  p<upulc’.tion,  agric'ulture,  manufacturing,  food 
processing,  resources  and  transportation  were  made  to  determine  a 
sound  basis  for  projection  of  the  econcmlc  appraisal  over  the  life 
of  the  proposed  navigation  project. 

6 . RELATIONSHIP  TO  OTTJZR  APPEroiCES.-  Information  and  data 
concerning  studies  and  invesi Iga^ionE  of  related  matters  to  the 
proposed  navigation  channel  to  Pert  Worth  which  are  contained  in 
other  appendices  of  this  report  are  as  follows: 

a.  Appendix  I - Project  formulation,  presents  information 
on  single  and  multiple  p;u*pc.e  c^iannel  plans  of  improvements  of 
different  channel  sizes  for  ficed  control  and  for  barge  tow  operation 
frexa  the  Houston  Ship  Charnel  to  Port  Worth,  Texas . 

b.  ApjiendLx  II  - .q-drology,  hydraulic  design  and  water 
resources,  presents  information  on  the  design  and  capacity  of  the 
proposed  multiple -purpose  Trinity  River  channel  from  the  Houston 
Ship  Channel  to  Fort  Worth,  Te.<af , including  analyses  of  the  channel 
flow  durations  and  velocities.  It  presents  a study  of  the  water 
needs  for  operation  of  barge  navigation  on  the  multiple  purpose 
Trinity  River  chiannel,  and  the  means  of  providing  the  water  supply 
required  for  such  operation  during  the  life  of  the  navigation 
project.  Lncluded  in  thrc  appendix  is  a copy  of  the  report  on 
water  resources  of  the  Trinity  River  basin  submitted  by  the 

Public  Health  Service,  Region  VTI,  of  the  United  States  Department 
of  Health,  Education  and  Welfare.  Information  is  given  in  the 
appendix  concerning  the  hydrr.’ulic  design  of  the  proposed  lock 
filling  and  emptying  systems,  the  tainter-gated  dams  required  to 
pass  the  channel  flows  and  maintain  the  design  water  surface 
elevation  in  the  navigation  pools,  and  a study  of  the  prospective 
sediment  inflow  to  various  sections  of  the  channel  which  would 
Involve  dredging  of  the  deposited  sediment  to  maintain  project  depth. 
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c.  Appendix  V - Recreation  and  Fish  and  Wildlife,  contains 
information  regarding  the  recreational  facilities  including  public- 
use  areas  and  access  roads  thereto  to  be  provided  in  connection  with 
the  multiple  purpose  channel  to  Fort  Worth  and  the  existing  and  recom- 
mended reservoir  projects  discussed  in  this  report.  It  also  contains 
a copy  of  the  report  submitted  by  the  Bureau  of  Sport  Fishers  and  Wild- 
life, Fish  and  Wildlife  Service  of  the  United  States  Department  of  the 
Interior  concerning  the  probable  effects  of  the  canalized  channel  to 
Fort  Worth  on  the  fish  and  wildlife  resources  of  the  Trinity  River. 

d.  Appendix  VI  - Cost  Estimates,  Geology  and  Design  Information, 
contains  information  regarding  the  gross  real  estate  appraisal  of  lands 
required  for  the  nnltiple  purpose  channel  to  Fort  Worth,  the  structural 
design  of  locks,  dam.?,  highway  and  railroad  bridges,  access  roads  to  lock 
sites  and  the  relocation  of  utility  lines.  Information  concerning  the 
preliminary  foundation  materials  and  geology  of  the  lock  and  dam  site  and 
character  of  material  invol'wed  in  channel  excavation  work  is  presented  in 
the  appendix.  It  also  contains  estimates  of  first  cost  and  annual  cost  of 
maintenance  and  operation  of  various  features  of  the  canalized  multiple 
purpose  channel  to  Fort  Worth. 

e.  Appendix  VII  - Economic  Base  Survey,  contains  information  re- 
garding the  estimated  growth  trends  of  various  economic  factors  in  the 
trioutary  traffic  area  that  are  considered  in  determining  the  projected 
amount  of  prospective  commerce  which  is  expected  to  develop  during  the 
period  of  economic  analysis  of  the  navigation  project. 

GENERAL  INFORMATION 


7.  BASIN  DESCRIPTION.-  The  Trinity  River  Basin  is  relatively  long 
and  narrow  having  a maximum  length  of  about  36O  miles  and  a maximum  width 
of  about  100  miles  near  its  upper  end.  The  Trinity  River  which  is  about 
505.5  miles  long,  is  formed  at  Dallas  by  the  confluence  of  the  West  Fork 
and  the  Elm  Fork.  The  West  Fork  having  a total  length  of  about  209  miles 
is  considered  as  the  main  stem  headwater  of  the  Trinity  River.  The  Trinity 
River  and  the  West  Fork  have  a combined  length  of  about  7^5  miles,  a total 
fall  of  about  1,250  feet  and  drain  an  area  of  17,845  square  miles.  Plate  1 
shows  the  general  features  of  the  Trinity  River  basin. 

8.  The  multiple  purpose  channel  studies  in  this  appendix  covers  the 
lower  46  miles  of  the  West  Fork  downstream  from  the  Ri-'erside  Drive  bridges 
in  Fort  Worth,  the  505. 5 miles  of  Trinity  River  to  its  mouth  near  Anahuac 
and  the  24.3  mile  tidal  section  from  the  mouth  of  the  Trinity  River  to  the 
Houston  Ship  Channel  in  Galveston  Bay.  Thus,  the  total  distance  of  river 
under  consideration  is  575*8  miles  and  the  total  fall  of  the  river  is  about 
483  feet.  Pertinent  Information  concerning  the  approximate  low-water 
elevations  and  the  approximate  low-water  slopes  for  the  several  reaches 

of  the  waterway  from  the  Riverside  Drive  bridges  to  the  Houston  Ship  Channel 
is  given  in  table  1. 
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TABLE  1 

LOW-WATER  ELEVATIONS  AND  SLOPES  OF 
WATERlvAY  UNDER  CONSIDERATION 


;Distance rApprox.  : 

: Average 

: in 

: low- water ; 

in 

: slope 

River 

: reach 

: elevation; 

reach 

:(feet  per 

Landmark 

mile 

: (miles ) 

; ( feet ) : 

( feet ) 

; mile ) 

Riverside  Drive  Bridges 

551.5 

46.0 

483.0 

97.0 

2.11 

Mouth  of  Elm  Fork 

505.5 

45.7 

386.0 

72.0 

1.58 

Mouth  of  East  Fork 

459  6 

74.3 

314.0 

88.0 

1.18 

Mouth  of  Cedar  Creek 

385.5 

46.3 

226.0 

32.0 

.69 

Tennessee  Colony  reservoir 

dam  site 

339.2 

210.2 

194.0 

138.0 

.66 

Livingston  reservoir 

56.0 

dam  site 

129.0 

66.0 

31.0 

.47 

Leike  Liberty  ( Capers  Ridge  ) 

reservoir  dam  site 

63.0 

59.1 

25.0 

25.0 

.42 

Wallisville  reservoir 

dam  site 

3.9 

28.2 

0.0 

0.0 

0.0 

lIo\iston  Ship  Cheinnel 

Galveston  Bay 

0.0 

9 . The  reservoirs  referred  to 

in  table 

1 are  in  veirious 

stages  of 

development  and  for  the  purpose  of  this  report  it  is  assumed  that  the 
WeLLlisville  and  Livingston  reservoirs  are  existing  water  resource  develop- 
ments. The  Wallisville  reservoir  with  dam  at  river  mile  3*9  has  been 
recommended  in  a separate  report  for  Federal  adoption  and  construction  in 
the  interests  of  salinity  control,  navigation,  water  supply,  fish  and  wild- 
life and  recreation.  The  recommended  plan  provides  for  maximum  storage  to 
elevation  4.0,  which  would  extend  up  the  Trinity  River  to  about  river  mile 
48.0. 


10,  The  proposed  Lake  Liberty  (Capers  Ridge)  reservoir  with  dam  at 
river  mile  63. 0 is  Included  in  the  long  range  master  plan  of  the  TVinity 
River  sponsored  by  the  Trinity  River  Authority  of  Texas  primarily  for  water 
conservation  purposes. 
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11.  The  Livingston  reservoir  is  being  sponsored  Jointly  for  construction 
by  the  city  of  Houston,  Texas,  and  the  Trinity  River  Authority  of  Texas. 
Preliminary  plans  of  the  reservoir  propose  that  conservation  storage  be 
provided  between  elevotion  101  and  131,  in  the  interest  of  municipal, 
industrial  and  agricultural  needs  in  the  lower  Trinity  River  area  and  the 
metropolitan  Houston  area. 

12.  The  proposed  Tennessee  Colony  reservoir,  recommended  in  this 
report,  would  provide  storage  for  flood  control  between  elevation  262.5 
and  285.0,  and  conservation  storage  between  elevation .-235.0  to  262.5. 

13.  Table  1 shows  that  the  slope  of  the  river  below  the  Livingston 
dam  site  averages  about  .43  foot  per  mile,  upstream  the  slope  increases 
gradually  to  about  2.11  feet  per  mile  in  the  lower  46-mile  reach  of  the 
West  Fork. 

14.  Throughout  its  entire  length  the  Trinity  River  follows  a tortuous 
course,  meandering  from  one  side  of  its  valley  to  the  other,  for  a channel 
length  of  about  2.0  times  the  length  of  the  general  axis  of  its  valley. 

Between  Liberty  and  Fort  Worth  the  banks  vary  in  height  from  about  25  to 

50  feet,  the  highest  banks  being  in  the  central  section  in  the  vicinity  of 
Riverside  and  Long  Lake.  Near  the  mouth  the  banks  are  only  a few  feet  above 
sea  level.  The  width  of  the  river  at  bankfull  stage  varies  from  about  5OO 
feet  in  the  lower  sections  to  about  l40  feet  in  the  vicinity  of  Fort  Worth. 

15.  From  the  mouth  of  the  river  to  about  mile  I60  the  banks  are  un- 
stable and  sand  bars  are  numerous.  Examination  of  the  aerial  survey  of 
1956  shows  that  the  channel  had  shifted  materially  at  29  locations  sub- 
sequent to  the  I912-I5  survey,  causing  a considerable  change  in  river 
alignment.  During  the  twenty-year  period  between  these  surveys,  the  river 
mileage  from  Dallas  to  the  mouth  of  the  river  has  decreased  about  10  miles, 
as  a result  of  artificial  and  natural  cut-offs.  Since  1934  the  river  has 
further  shortened  its  length  as  a result  of  additional  artificial  and  natxiral 
cut-offs.  Above  mile  160  the  banks  are  generally  composed  of  tight  alluvial 
clay  and  are  fairly  stable.  The  shoals  in  the  upper  reaches  consist 
generally  of  gravel,  hardpan,  or  rock. 

16.  Under  present  ordinary  low-water  conditions,  tidal  Influence 
extends  up  the  Trinity  River  about  4l  miles  to  Liberty,  and  at  extreme 
low  stages  it  extends  upstream  to  about  mile  50.  After  construction  of 
the  Wallisville  reservoir  tidewater  would  extend  to  the  dam  at  river 
mile  3*9»  The  mean  diurnal  tidal  range  in  Trinity  Bay  near  Anahuac  is 
about  0.9  feet.  The  water  surface  of  Trinity  Bay  and  the  adjoining  Trinity 
River  is  affected  to  a considerable  extent  by  the  winds  and  may  be  depressed 
as  much  as  I.5  feet  below  mean  low  tide  by  strong  north  winds  in  the  winter 
season  and  raised  as  much  as  15  feet  above  mean  low  tide  by  hurricanes 
during  the  sumner  and  fall  seasons.  During  the  I9OO  hurricane  a tide  of 
about  l4  feet  above  sea  level  was  experienced  in  Galveston  Bay  and  the 
delta  of  the  Trinity  River.  Unless  otherwise  stated,  elevations  given 

* hereafter  in  this  appendix  refer  to  U.  S.  Coast  and  Geodetic  Survey  mean 
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sea  level  datum,  which  is  established  1.36  feet  above  U.  S.  Corps  of 
Engineers  mean  low  tide  datum. 


17.  The  West  Fork  and  the  Trinity  River  proper  are  subject  to  wide 
variations  in  stream  flow.  Floods  are  likely  to  occur  at  all  seasons  of 
the  year  with  annual  high  water  usually  occurring  during  the  months  of 
April,  May  and  June.  Major  floods  occurring  on  the  basin  require  from 
to  90  days  for  the  passage  of  the  floods  down  the  river.  Low  flows  are 
usually  experienced  during  the  summer  months,  June  through  September. 

There  have  been  two  major  drought  periods  experienced  on  the  Trinity  River 
Basin  (1908  - 1913  and  1950  - 1957)  and  several  minor  periods  of  lesser 
extent.  Minimum  low  flows  experienced  during  the  1950  - 1957  drought  period 
were  recorded  as  follows: 

Gage  Min.  Date  Av.  Daily  Date 


Romayor 

102 

24,  25  Aug  56 

104 

23  - 25  Aug 

56 

Riverside 

84 

21  Aug  56 

87 

21  Aug  56 

Midway 

87 

27  Jul  56 

87 

Jul  56 

Oakwood 

89 

14  Aug  56 

91 

12  & 14  Aug 

56 

Rosser 

14 

25  Sept  56 

107 

31  July  56, 
25  Sept  56 

7 Aug  56  & 

Dallas 

4.6 

24  Sept  56 

24 

10  Apr  56 

Grand  Prairie 

not 

determined 

29 

17  Jul  56 

18.  The  observed  average  annual  run-off  at  the  principal  stream  gaging 
station  on  the  West  Fork  and  the  Trinity  River  proper  are  given  in  table  2. 
It  also  shows  the  minimum  and  maximum  annual  run-off  for  the  purpose  of 
illustrating  the  extremes  to  which  the  annual  run-off  is  subject.  The 
data  in  table  2 indicates  that  the  run-off  tends  to  increase  from  the  up- 
stream reaches  to  the  mouth  generally  because  of  the  greater  rainfall  on 
the  lower  part  of  the  basin. 

TABLE  2 

ANNUAL  RUN-OFF  DATA  (OBSERVED)  (1) 

CALENDAR  YEAR 


Stream  and  Station 


Drainage  : Period  : Annual  run-off 
area  : of  : in  inches 

sq.  mile):  record  : Min.  : Average 


West  Fork  at  Fort  Worth 
West  Fork  at  Grand  Prairie 
Trinity  River  at  Dallas 
Trinity  River  near  Rosser 
Trinity  River  near  Oakwood 
Trinity  River  near  Midway 
Trinity  River  *t  Riverside 
Trinity  River  at  Romayor 


2,627 

3,070 

6,120 

8,162 

12,912 

14,484 

15,619 

17,192 


•1959  0.06 
-1959  0.31 
-1959  0.28 
•1959  0.48 
■1959  0.82 
■1959  0.88 
■1959  0.94 
■1959  1.00 


7.93 

8.30 

10.01 

10.87 

12.78 

13.11 

13.27 

13.39 


(1)  Observed  run-off  reflects  depletions  due  to  storage,  evaporation,  diver- 
sions, etc.,  in  existing  local  Interests  and  Corps  of  Engineers'  projects. 
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l‘K  WArtKWAYii  TO  BE  CONNECTED,-  The  proposed  waterway  would 
connect  with  the  deep  water  ports  of  Galveston  and  Houston.  These  two 
ports  provide  transshipping  points  for  world  trade.  The  proposed  water- 
way would  connect  with  the  shail<jw  draft  (12'  x 123')  Gulf  Intracoastal 
Waterway  which  would  provide  water  transportation  to  and  from  the  direct 
trihutarv  area  to  the  Texas  Gull  Coast  as  far  east  as  St.  Marks,  Florida, 
and  as  far  south  as  Brownsville  and  thence  to  the  Tennessee-Tombigbee 
and  the  Missouri-Miss iss ippi  River  systems  throughout  the  central  section 
of  the  United  States.  Major  navigable  waterways,  mileages,  and  key 
ports,  that  were  usee  in  estimating  the  prospective  traffic  in  this 
anpendix  are  shown  in  f-igurc  1. 
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TRIBUTARY  AREA 


20.  EXTENT.-  The  tributary  area  that  would  be  served  by  the  proposed 
Trinity  River  navigation  channel  Is  the  Immediate  tributary  area,  to  or 
from  which  commodities  could  move  over  the  Trinity  River  channel  to  other 
routes  In  the  United  States  at  a savings  In  transportation  cost.  This  area 
Is  designated  as  the  traffic  area.  The  traffic  area  Includes  1A8  counties 
In  Texas  and  30  counties  In  Oklahoma.  These  counties  contain  about 
132,000  square  miles  In  Texas  and  about  25,000  square  miles  In  Oklahoma. 

The  traffic  area  represents  the  portion  of  the  geographic  area.  Included 

In  the  economic  base  study  In  appendix  VII,  that  pertains  to  the  navigation 
purpose  of  this  report.  The  183-county  economic  base  study  area  Includes 
the  aggregate  area  that  would  be  Influenced  by  all  of  the  project  purposes 
considered  for  river  basin  Improvement.  In  most  cases,  areas  Influenced 
by  each  project  purpose  may  overlap,  for  example  areas  Included  In  the 
studies  for  flood  control  and  navigation  will  Include  some  counties  that 
are  comnon  to  both  purposes  and  some  areas  that  will  apply  only  to  flood 
control  or  navigation. 

21.  The  economic  base  study  area  and  the  portion  of  the  aggregate 
area  that  Is  Included  In  the  traffic  area  are  shown  In  figure  2. 


Bom  Study  Arto 


TRAFFIC  AREA 
TRINITY  RIVER 
WATERWAY 


Ttioi  Oh lohoFtiQ  Arco  CorrirntreioMf 
Tribwtory  to  lh«  Tflnity  Bivtr 


22.  The  «re«  In  which  the  commerce  of  the  direct  traffic  area  would 
originate  or  terminate  includes  the  Gulf  Coast  from  the  Mexican  border  to 
Florida  tributary  to  the  Gulf  Intracoastal  Waterway  and  the  raidcontinent 
region  tributary  to  the  canalized  reaches  of  the  Mississippi,  Ohio, 
Tennessee  and  Cumberland  Rivers.  This  area  is  designated  as  the  extended 
traffic  area.  The  connecting  waterways  serving  the  extended  traffic  area 
are  shown  in  figure  3. 
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23.  POPULATION.-  The  estimated  population  of  the  traffic  area  was 
about  5,350,000  in  1958,  of  which  4,788,000  resided  in  the  148  counties  in 
Texas,  and  562,000  resided  in  the  30  counties  in  Oklahoma.  Texas  estimates 
are  from  the  Texas  Employment  Connission,  and  Oklahoma  estimates  are  from 
the  Oklahoma  State  Department  of  Health. 

24.  Based  on  the  U.  S.  Bureau  of  the  Census  records  for  1960,  the 
traffic  area  includes  42  cities  in  Texas  and  15  cities  in  Oklahoma  with 
5,000  to  10,000  population.  The  census  population  of  the  traffic  area 
for  the  period  1900  - 1960  is  shown  in  table  3. 

TABLE  3 


POPUIATION  OF  TRAFFIC  AREA 


Texas 

Oklahoma 

Texas - Ok 1 ahoma 

Year 

148-countv  area 

30- countv  area 

178-countv  area 

1900 

1,897,050 

(1) 

1,897,050^^^ 

1910 

2,445,962 

597,  714 

3,043,676 

1920 

2,827,005 

654,587 

3,481,592 

19  30 

3, 331, 342 

715,527 

4,046,869 

1940 

3,521,198 

673,908 

4,195,106 

1950 

3,931,862 

576,218 

4, 508, 080 

1960 

4,663,632 

559,003 

5,222,635 

(1)  According  to  the  Census 
Source:  United  States 

of  the  Census 

, county  data  for  1900 
Department  of  Commerce, 

are  incomplete. 
Bureau 

25.  As  shown  in  table  3,  population  in  the  aggregate  Texas -Oklahoma 
area  shows  a growth  of  over  50  percent  since  1900. 

26.  AGRICULTURE.-  An  extensive  and  diversified  agriculture  is  the 
basic  enterprise  of  the  area.  Agricultural  activities  include  the  opera- 
tion of  dairies  near  the  urban  centers  and  the  growing  of  crops,  livestock 
and  all  kinds  of  poultry.  The  1954  census  of  agriculture  gives  a total 

of  89,601,000  acres  of  arable  land,  31,936,000  acres  of  which  are  under 
cultivation.  Table  4 shows  the  farmland  in  the  area  according  to  use. 
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TABLE  4 


FARMLAND  IN  TRAFFIC  AREA 


Item 

Year 

(in  acres) 

TEXAS 

(148  counties) 

OKLAHOMA 
(30  counties) 

Land  in  farms 

19  54 

72,972,671 

13,807,489 

1950 

85,840, 598 

13,981,  587 

Cropland 

1954 

26,247,859 

5,688,036 

1949 

27,181,636 

6,349,587 

Land  pastured 

1954 

49,180,115 

8,484,  .'AA 

1949 

45, 710,698 

7,805,058 

Wood  land 

1954 

8,  194,  776 

1,602,033 

1949 

12,878,532 

1,881,597 

(Source: 

1954  Census 

of  Agriculture^ 

27,  Crops  produced  in  the  traffic  area  include  cotton,  corn,  small 
grains,  grain  sorghums,  rice,  hay  and  vegetables.  The  markets  for  these 
crops  are  continually  expanding  because  of  domestic  and  overseas  population 
growth  and  because  of  the  increasing  diversification  in  the  use  of  agri- 
cultural foods  and  fibers  in  industry.  The  principal  crops  exported  to 
world  markets  include  wheat,  cotton,  barley,  oats,  and  corn.  A portion 
of  the  crops  are  consumed  in  the  producing  area  as  feed  or  forage  in  the 
production  of  beef,  mutton,  pork,  milk,  and  poultry.  An  Increasing  percent- 
age of  the  crops  grown  are  finding  markets  as  agricultural  raw  materials. 
These  materials  include  vegetable  oils  for  the  production  of  cooking 
compounds,  soap,  margarine,  paint  vehicles,  and  other  products;  cellulosic 
materials  for  the  production  of  rayon,  varnishes,  photographic  film, 
j explosives,  hardboard,  plastics,  and  other  products;  and  derivative  material' 

j such  as  cottonseed  meal  and  cake,  rice  hulls,  and  beet  pulp  for  the  produc- 

) tion  of  feed  supplements,  and  other  by-products.  Principal  crops  grown 

I in  the  area  and  the  annual  production  of  these  crops  for  the  years  1949 

and  1954  are  given  in  table  5. 

i 
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TABLE  5 


PRINCIPAL  CROPS  GROWN  IN  TRAFFIC  AREA 


TEXAS  (148 

counties ) 

OKLAHOMA  (30  counties) 

Item 

Unit 

19  54 

1949 

1954 

1949 

Corn 

Bushels 

12,945,202 

22,624, 349 

985,276 

5,954,409 

Sorghums 

M 

102,  19  3,  490 

64,  197,641 

2,  127,609 

3, 206,521 

Wheat 

n 

30,068,413 

74,067, 382 

22,408,550 

24,854,276 

Oats 

14, 187,446 

18, 132,918 

7,429,016 

2,879,  321 

Barley 

ti 

1,919,512 

1,981,579 

1,493,  267 

238,998 

Rice 

162-lb.bbls 

1,  732,859 

1,858, 546 

- 

- 

Peanuts 

Pounds 

44,602, 166 

176,  301,  335 

23,  379,639 

58,083,631 

Hay: 

Alfalfa 

Tons 

436, 317 

333,464 

394,648 

358,787 

Others 

It 

605, 758 

652,766 

194,354 

207, 382 

Cotton 

Bales 

2,230,  380 

3,866,571 

234,118 

468,669 

Irish  Potatoes 

Bushels 

1,29  3,00  7 

1, 117,963 

171, 340 

216,890 

Sweet  Potatoes 

n 

1.246  , 383 

2,906,69  3 

83,615 

124,171 

Guar 

Pounds 

3,638,860 

- 

- 

- 

Source : 

1954  Census  o 

f Agriculture 

28.  Pastureland  in  the  traffic  area  in  1954  amounted  to  67  percent  of 
the  total  land  in  farms  as  shown  in  table  4.  The  pasturelands  are  spread 
over  a wide  range  of  temperatures,  rainfall,  altitude,  and  soil  types.  Most 
of  the  area  is  better  adapted  to  pasture  than  to  any  other  agricultural 
purpose.  These  factors  have  engendered  the  development  of  a large  and 
diverse  livestock-raising  industry.  Principal  production  of  the  industry 
Includes  beef  cattle,  sheep,  and  Angora  goats.  The  other  livestock  produced 
that  are  of  lesser  Importance  are  hogs,  poultry,  horses,  and  mules.  Wool 
and  mohair  are  important  products  of  the  sheep  and  Angora  goat  industry. 
Table  6 shows  the  principal  classes  of  livestock  and  the  numbers  in  the 
traffic  area  for  the  years  1950  and  1954. 
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TA31E  6 


PRINCIPAL  CLASSES  OF  LIVESTOCK  IN  I-E  TRAFFIC  AREA 


TEXAS 

CKIAHOMA 

Item 

1954 

19;' 

1954 

19  50 

Cattle  and  calves 
Horses  and  colts, 

h,  549,243 

1,217,230 

1,212,614 

including  ponies 
Mules  and  mule 

124,953 

2ie,'c; 

30,940 

64,876 

colts 

32,295 

fc,6f: 

3,327 

8,248 

Sheep  and  lambs 

l,7C-9,212 

1,9’-.„C5C 

77,931 

47,425 

Goats  and  kids 

667,110 

7,63? 

- 

Hogs  and  pigs 
Chickens 

(4  months  old  and 

515, &C9 

786  , ?C3 

1*-2,477 

261,  339 

over) 

8,205,886 

4 ■ C A 0 82 

l,9-’5,694 

2,585,185 

Source;  1954 

Census  of  Agric 

ultcr  * 

29.  A recent  developneit  In  tbe  ilv£s  ra  ising  Industry  1m  Texas 

Is  the  growth  of  feed  Iota.  Feed  lots  were  first  started  In  the  state  during 
World  War  II  as  a tempor%’'y  xeastie.  Frit"'  to  this  period  most  of  the  heavy 
beef  consumed  in  the  state  ciice  fr-ir:  feed  i:*s  In  the  middle-western 
"Cornbelt."  Texts  ce.ttlt  were  soli  as  ‘eeoer-*  for  ft.ttenlog  and  processing 
and  were  returned  a.s  graded  b?ef  , Most  o-'  the  new  ccTttercial  feeding  pens 
and  smaller  feeding  operatic-!’  hs.ve  beer  evccessful  Over  a period  of  four 
years,  1955  to  1959,  feedirg  ctpscl:/  l-'rcaeed  5C  percent  from  16C,000 
head  to  240, OCO  !-*f.d,  Exemplen  of  the  evta.  tiori  of  feed  lot  activity  are 
the  programs  of  aa.Jor  feed  ioc  operjicrs.  Ore  operator's  program,  which 
Includes  the  installation  of  t.  >iC  tor.  per  d»  y capacity  autoiratlc  feed 
mill,  will  increi.se  his  feeding  ce.petity  from  7,D00  to  13,000  head.  Another 
major  corporate  operator  expa.-.ied  its  feed  lets  to  accommodate  25,000  head 
of  cattle  In  conjunction  witk  cars truct lor.  of  » mllllon-dollar  beef  slaughter- 
ing and  processing  plant,  while  still  ancther  group  is  constructing  a two- 
million  dollar  feeding  faclilr.y  to  scpoly  4Cv  to  1,C00  head  of  cattle  a 
week  to  a planned  two-mill.lon  collar  feef  processing  plant. 

30.  The  Texas  meat  packl-g  atd  processing  industry  supplements  stock 
raising  and  feed  lot  activities.  The  grow;h  of  the  meat  packing  industry 
is  Illustrated  in  table  7. 
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TABLE  7 


TEXAS  MEAT  PACKING  INDUSTRY 


Beef  processing 

Census 

of  Manufactures 

19  39 

1954 

Employees 

6,089 

10,464 

Payroll 

$ 8,247,087 

$ 40,280,000 

Value  of  products 

85,461,000 

379,912,000 

Poultry  6c  smell  gene 

Employees 

1,547 

3,162 

Payroll 

$ 709,069 

$ 5,758,000 

Value  added  by  manufacture 

1,321,000 

13,207,000 

Source:  Census  of  Manufacturers 

for  19  39  and 

1954 

31-  This  expansion  in  the  meat  industries  is  an  example  of  the 
state's  general  growth  in  manufacturing  ectivities.  An  increasing  portion 
of  the  state's  livestock  is  slaughtered  and  processed  for  consumption 
within  the  state  Instead  of  sending  livestock  to  out-of-state  processing 
centers  in  the  midwest. 

32.  FOOD  PROCESSING.-  An  Ir creasing  share  of  Texas  agricultural 
products  is  channeled  into  the  growing  food  processing  industry.  This  is 
also  true  of  agricultural  commodities  produced  in  the  traffic  area. 
According  to  the  University  of  Texas'  Bureau  of  Business  Research,  one 
of  Texas'  biggest  Industries  and  one  of  the  fastest  growing,  is  food 
processing.  In  1956  more  than  60,000  persons  were  emoloved  In  food 
orocessiop.  These  industries  include  cottonseed  oil  refining,  sugar  refin- 
ing, flour  milling,  bottling  plants,  dairy  products  processing,  seafood 
and  vegetable  freezing  plants,  meat  and  citrus  packing  plants,  corn 
products  plants,  bakeries,  canneries,  cooking  oi I plants,  margarine 
plants,  shortening  plants  and  others.  Many  of  these  plants  are  located 
in  the  traffic  area  in  the  urban  centers  of  population  and  the  manufactured 
products  are  distributed  to  eastern  United  States  and  world  markets  as 
well  as  the  local  regional  market  in  Texas,  Oklahoma,  Arkansas  and 
Louisiana . 


33.  INDUSTRY.-  In  the  past  50  years  Texas  has  evolved  from  an  agri- 
cultural province  to  one  of  the  country's  leading  manufacturing  centers 
and  is  gradually  approaching  the  position  of  long-established  industrial 
regions.  Industry  in  the  traffic  area  is  well  diversified  and  covers  a 
wide  range  of  products.  The  1956-1958  Directory  of  Texas  Manufacturers 
lists  10,821  manufacturers  in  the  state  whose  operations  change  form  of 
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their  product.  The  pattern  of  industry  is  illustrated  by  the  73  plants 
in  Harris  County  which  employ  more  than  250  persons  and  which  are  predominant- 
ly heavy  industries,  in  contrast  with  the  1479  plants  in  Dallas  County^ 
which  employ  50  or  mere  persons  and  which  are  primarily  light  industries. 
Harris  County  is  not  in  the  traffic  area;  however,  its  proximity  to  the 
mouth  of  the  Trinity  River  and  the  size  of  its  industrial  complex  require 
that  it  be  included  in  any  discussion  of  the  economic  development  of  the 
traffic  area. 

34.  The  city  of  Houston  typifies  the  entire  Gulf  Coast  where  cheap 
water  transportation,  and  an  abundance  of  raw  materials  have  attracted 
chemical  companies,  refineries,  metal  industries,  and  heavy  machinery 
plants.  The  city  of  Dallas  is  typical  of  northern  Texas,  the  state's  other 
major  manufacturing  region,  where  a large  area  represents  markets  rather 
far  removed  from  seaports.  Market-oriented  industries,  concentrated  in 
the  Dallas  and  Tarrant  County  area,  are  more  specialized  industries  pro- 
ducing consumer  goods  of  every  description.  The  location  of  a large 
transportation  equipment  industry  represented  by  Convalr,  Bell  Aircraft, 
and  General  Motors  in  Tarrant  County  and  by  Chance  Vought,  Temco,  and  Ford 
Motor  Company  in  Dallas  County  is  an  exception  to  the  light  industry  pattern. 
Strategic  considerations  of  the  United  States  Government  were  instrumental 

in  locating  these  plants  in  an  area  less  vulnerable  to  air  attack  than 
the  more  exposed  Gulf  Coast. 

35.  The  major  manufacturing  activities  in  the  traffic  area  in  1958 
are  represented  by  a total  of  1,375  nlants  in  the  traffic  area,  155  of 
which  employ  250  persons  or  more,  and  316  plants  in  Harris  County,  73  of 
which  employ  250  persons  or  more.  The  range  of  products  produced  as 
major  manufactures  together  with  the  relative  density  of  major  industrial 
development  by  product  is  illustrated  In  table  8. 

TABLE  8 

PRINCIPAL  MANUFACTURES  IN  TRAFFIC  AREA  - 1958 


Number  of  Establishments 


Kind  of  industry 

Tributary  Area 
Texas  Oklahoma 

Harris 

County 

Food 

142 

158 

30 

Apparel  & Textiles 

182 

16 

5 

Wood  products 

111 

49 

57 

Chemicals  and  Petroleum 

232 

43 

53 

Stone,  Clay  & Glass 

53 

34 

6 

Metal  products 

82 

58 

33 

Machinery  and  equipment 

223 

39 

123 

Transportation 

64 

7 

11 

Total 

1,089 

404 

318 

Source:  Texas  - Directory  of  Texas  Manufacturers  1956-1958 

Okla.  - Statistical  Abstract  of  Oklahoma  1959 
Note:  Industry  classif icar tons  modified  and  grouped  for  brevity. 


36.  it  Is  dtfflcclr  to  aerlve  a total  measure  of  the  Industrial  output 
of  the  traffic  area.  Ar.  overlapping  or  doplicatior  of  available  statistics 
are  frequently  encountered  in  the  flow  of  raw  ma.terials,  intermediate 
materials  and  semifinished  and  finished  commodities  into  and  out  of  manu- 
facturing plants;  however,  the  value  added  by  manufacture  is  some  measure 
of  the  relative  economic  lmpcitar.ce  of  these  industries.  Table  9,  based  on 
the  U.  S.  Bureau  of  the  Census'  census  of  manuficturers  for  tha  yaar  1954, 
shows  the  value  of  the  products  icanuftctured  in  the  tributary  area  for  the 
years  1947  and  1954. 

TABLE  9 

VALUE  ADDED  BY  MAWUFACTl'RE  IN  THE  TFAFFIC  AREA 


(in  thousands  of  dollars.’ 


1954 

1947 

State 

Number  of 
establishments 

Value  added  by 
manufacture 

Value  added  by 
manufacture 

Texas  (148  counties) 

i,813 

$1,516,471 

$764, 351 

Oklahoma  (30  cour.tles'- 

37U 

52.926 

28.522 

Total 

5, 187 

1,  569,  397 

792,873 

Note:  Value  s.dded 

by  manufacture  for 

cou'ties  with  only 

one  establish- 

roent  not  included  in.  total  since  figures  for  individual  establish- 
ments are  nor  disclosed.  Or.iy  rumcer  of  establishments  shown 
were  included  in  ccmpu:. ing  vslce  <*dded  by  manufacture. 


Source:  Census  of  Manufacturers  for  1^54 

U.  S.  Bureau  of  the  Census 
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37.  .'1ATURAL  RESOURCES.-  The  volume,  quality  and  diversity  of  natural 
resources  in  the  traffic  area  have  teen  a bs.sic  factor  in  the  economic 
development  of  ar-ta.'*  These  resources  have  a direct  bearing  on  projected 
economic  growth,  particularly  with  reference  to  the  flow  of  commerce  over 
existing  transportation  media  as  well  as  over  the  proposed  waterway. 

38.  FOREST  RESOURCES.-  According  to  the  Forest  Service,  U.  S.  Depart- 
ment of  Agriculture,  forest  land  Is  (1)  land  which  Is  at  least  10  percent 
stocked  by  trees  of  any  size  and  capable  of  producing  timber  or  other  wood 
products  or,  (2)  land  from  which  the  trees  have  been  removed  to  less  than 

10  percent  stocking  and  which  has  rot  been  developed  for  other  use.  Recent 
surveys  by  the  Southern  Forest  Experiment  Station  In  New  Orleans  Indicate 
that  forest  lands  of  commercial  significance  in  and  adjacent  to  the  traffic 
area  are  confined  to  a 17-county  area  in  eastern  Oklahoma  and  a 43-county 
area  In  east  Texas. 
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39.  The  traffic  area  Includes  31  of  the  43  counties  designated  as 
forest  lands  in  Texas  and  3 of  the  17  counties  In  Oklahoma.  The  total  land 
area  of  the  31  counties  in  Texas  is  15,496,900  acres,  or  70.37.  of  the 
22,033,900  acres  in  the  counties  with  forest  areas.  The  total  land  area 
of  the  3 counties  in  Oklahoma  Is  1,473,300  acres,  or  15%  of  the  9,798,400 
acres  in  the  counties  with  forest  areas.  The  principal  commercial  soft 
woods  are  the  loblolly  and  shortlesf  pines,  and  the  principal  commercial 
hardwoods  are  the  water  and  white  oaks  and  sweet  gum.  The  coratrerclal  forest 
land  In  the  traffic  area  and  the  sonount  of  growing  stock  and  saw  timber 
volume  is  shown,  in  table  10. 


TABLE  10 

COMMERCIAL  FOREST  IN  TRAFFIC  AREA  1953-1956  (1) 


Item 

Unit 

TEXAS 
31-  CO  .r  ty 
total 

Per c e".t  of 
coCoS'.l  stare 
forest 
resources 

UKLA  HOMA 
3-  count  V 
total 

Percent  of 
total  state 
forest 

r esources 

Commercial 

forest 

1,000  acres 

8,547.8 

70.2 

744.0 

13.2 

Growing  stock' 

Softwood 

Mil.  cu . f t . 

2,596.5 

64.5 

2.1 

0.4 

Hardwood 

It  M II 

2,,  47 3. 9 

70  5 

162.5 

19.8 

All  species 

5,070.4 

67  3 

164.6 

12.2 

Saw  timber: 

Softwood 

Mil.  bd.ft. 

11, 368.5 

64.7 

00 

0.4 

Hardwood 

It  II  n 

6' 635.7 

68.6 

414.9 

20.5 

All  species 

18,CG4.2 

66.1 

422,7 

10.5 

(1)  From  Forest  Service,  U.  S.  Department  of  Agriculture  forest 
survey  release  No.  77  & 79 


40.  In  a modern  economy,  forest  products  have  become  an  Important 
factor  In  the  industrial  complex.  In  the  state  of  Texas,  where  the  bulk 
of  forest  industry  is  centered  in  the  traffic  area,  more  than  97  percent 
of  the  total  output  of  forest  products  are  produced  in  the  east  Texas 
commercial  forest.  Softwoods  account  for  68  percent  of  the  saw  logs  cut 
for  lumber  and  allied  products  and  for  95.2  percent  of  the  pulpwood.  In 
1957  the  output  of  lumber  amounted  to  987,000,000  board  feet  and  pulpwood 
production  reached  a total  of  1,227,000  standard  cords.  Hardwoods  accounted 
for  all  veneer  logs  and  bolts,  and  for  about  40  percent  of  all  wood 
products.  Cooperage,  shook,  fuelwood,  piling,  poles,  posts,  hewn  ties 
and  miscellaneous  wood  products  such  ss  axe  handles  and  saddle  trees, 
brought  1957  production  of  forest  products  up  to  a grand  total  of  over 
312  million  cubic  feet.  According  to  the  Texas  Forest  Industries  Committee, 
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the  forest  Industry  in  1957  employed  AO, 000  persons  and  paid  $138,000,000 
In  wages,  of  which  $53,000,000  was  for  lumber  and  allied  products; 
$38,000,000  was  for  pulp,  paper  and  paper  products;  and  $4A,000,000  was 
for  furniture.  These  wages  find  their  way  into  the  State's  economy  as 
payment  for  goods  and  services.  As  shown  in  table  10  the  traffic  area 
contains  about  two-thirds  of  the  east  Texas  forest  and  would  share  propor- 
tionately in  the  State's  economy. 

B 

41.  The  forest  resources  in  the  traffic  area  are  a renewable  resource. 
Despite  the  magnitude  of  forest  products  production  in  Texas,  conservation 
practices  such  as  tree  farming,  control  of  wildfire,  disease,  and  insects, 
have  produced  a gain  in  total  wood  production  of  39  percent  over  total 

wood  depletion  from  industry,  forest  fires,  disease,  and  other  causes. 

As  conservation  practices  become  more  universally  followed  and  therefore 
more  effective,  the  percentage  of  surplus  production  will  increase, 
assuring  a substantial  margin  for  continued  economic  growth  in  the 
traffic  area. 

42.  MINERAL  RESOURCES.-  Mineral  development  and  resources  in  Texas 
and  Oklahoma  are  major  factors  in  the  economies  of  both  states  The 
volume  and  diversity  of  minerals  available  for  industrial  processes, 
construction  materials,  chemical  industries  and  mineral  consumer  products 
are  of  national  importance.  In  1958,  Texas  alone  produced  about  25 
percent  of  the  nation's  output  of  mineral  value.  The  total  production  of 
minerals  in  1958  for  Texas  and  Oklahoma  is  given  in  table  11,  by  commodity, 
volume,  and  value. 
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MINERAL  PRODUCTION  - 1958  (1) 
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43.  Minerals  produced  In  the  178-county  traffic  area  Include  most 
of  the  minerals  In  table  11  above,  although  quantities  are  In  different 
proportions.  A tabulation  of  the  specific  minerals,  amount  produced,  and 
value  of  production  for  each  connodlty  produced  In  the  traffic  area  In 
1959  Is  presented  In  table  12. 


TABLE  12 

VALUE  AND  PRODUCTION  OF  MINERALS  IN  TRAFFIC  AREA  - 1959 


Value 

Mineral 

Unit 

Quantity  (thousands) 

TEXAS 

Cement 

thousand  376- lb.  bbls. 

13,169 

$ 40,473 

Clays 

thousand  short  tons 

2,335 

3, 587 

Gypsum 

It  II  II 

1,331 

4,710 

Helium 

thousand  cubic  feet 

238,113 

3,918 

Lime 

thousand  short  tons 

55 

686 

Natural  gas 

million  cubic  feet 

1,661,525 

166,153 

Natural  gas  liquids 

thousand  gallons 

3,654,493 

199,535 

Petroleum  (crude) 

thousand  42- gal.  bbls. 

563,953 

1,680,579 

Salt  (common) 

thousand  short  tons 

696 

6,106 

Sand  & gravel 

ft  II  If 

17,792 

18,850 

Stone 

It  II  It 

18,718 

22, 282 

Sulfur 

thousand  long  tons 

382 

8,968 

Value  of  Items  that  cannot  be  disclosed: 

Clay  (fuller's  earth). 

coal  (lignite).  Iron  ore 

(useable),  pumice,  sodium  sulfate,  and  uranium  ore 

11.898 

Total 

2,167,745 

OKLAHOMA 

Clays 

thousand  short  tons 

415 

448 

Natural  gas 

million  cubic  feet 

285, 356 

29, 392 

Natural  gas  (liquids) 

thousand  gallons 

591,231 

29,562 

Petroleum  (crude) 

thousand  42- gal.  bbls. 

90,021 

262,862 

Salt  (common) 

thousand  short  tons 

1,168 

12,848 

Sand  & gravel 

II  II  II 

2,375 

2,998 

Stone 

II  II  If 

7,264 

8,867 

Value  of  Items  that  cannot  be  disclosed: 

Native  asphalt,  cement. 

and  gypsum 

Total 

68.256 

415,233 

Source:  U.  S.  Dept,  of  the  Interior,  Bureau  of  Mines, 
Bartlesville,  Okla. 
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44.  Minerfii  resources  in  conuriercif.l ly  sti?nif leant  quantities  in  the 
traffic  area  that  ere  relatively  undeveloped  l-.clode  iron  ore,  lignite, 
salt,  limestone,  and  burning  clsyr  Surveys  by  private  business  interests 
have  developed  proven  conrierciai  reserves  as  shown  in  table  13. 

TABLE  1 3 

COMMERCIAL  RESERVE  OF  LNDEVEUjPED  MINERAL  RESOLTICES 
PRIVATE  S'JRVEYS  AND  ESTIMATES 




Resource  Quant  it  y 


Lignite 1,69  5,000,000 

Salt 72,250,000,000 

Limes  tore * Uni  iir.i  ted 

Iron  ore 70,800,000 


45.  SALT.-  There  are  an  estimated  72  25  billion  tons  of  salt  in 

salt  domes  located  in  the  following  counties:  Anderson,  Cherokee,  Freestone, 

Houston,  Leon,  Smith,  Van  Zar.dt,  <Jood  and  Henderson. 

46.  Major  uses  of  salt  are  in  the  manufacture  of  chlorine  and  caustic 
soda  or  in  the  manufacture  of  soda  ash.  The  salt  reserves  in  the  prescribed 
area  would  produce  45  blllior  tons  of  767,  strength  caustic  soda  and  39.6 
billion  tons  of  chlorine.  If  the  salt  were  used  in  the  manufacture  of 

soda  ash,  it  would  make  :*5  hi  1 lien  tons  of  soda  ash  and  would  require  in 
addition  to  the  salt,  58.6  biiilon  to~e  of  limestone  which  must  be  supplied 
from  counties  other  than  those  in,  which  the  salt  domes  are  located  but 
still  within  the  traffic  are*.  Tne  average  distance  from  the  salt  domes 
to  the  Trinity  River  is  33  •ailes. 

47.  IRON  ORE.-  Total  reserves  of  iron  ere  in  the  traffic  area  are 
70,808,000  long  cons.  This  ore  Is  located  in  Cherokee,  Henderson,  Anderson 
and  other  counties.  Some  of  this  ore  1®  currently  being  processed  In 
Houston . 

48  The  estinuiced  iron  concent  of  this  ore  is  407..  On  this  basis,  a 
total  of  25  6 mil  lien  tons  of  steel  cati  be  produced  from  this  amount  of 
ore.  It  is  likely  that  the  production  of  steel  will  be  by  one  of  the 
direct  reduction  processes  The  production  of  this  amount  of  steel  will 
require  the  shipment,  of  6. -4  million  ton.s  of  lirestone  within  the  traffic 
area,  as  well  as  the  consumption  of  30  million  tons  of  lignite.  While  all 
the  tests  have  not  been  completed,  it  is  likely  that  some  anthracite  coal 
will  be  required  In  these  processes.  This  material  must  be  shipped  into 
the  traffic  area  from,  outside  me  Trinity  River  Basin.  The  required  anthra- 
cite may  be  replaced  by  briquettes  msde  fr.om  llg.-.lte  which  would  be  produced 
within  Che  traffic  area. 
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^9.  Research  work  is  now  under  v«y  or.  the  upgrading  of  extensive 
green  sand  deposits  to  make  them  suitable  for  use  In  the  steel  Industry. 

If  this  research  effort  Is  successful,  the  total  reserves  of  Iron  ore 
wlthlr'  the  traffic  area  may  well  te  .released  by  a factor  of  3 or  4.  A 
byproduct  of  the  steel  manufacture  will  ce  approximately  50  million  tons 
of  slag. 

50.  LIGNITE.-  There  are  an  estlt/ited  1,695  million  tons  of  recover- 
able lignite  In  the  traffic  ares. 

51.  It  Is  assumed  that  the  primary  use  of  llgrlte  will  be  as  a fuel 
for  steam  electric  power  plants  within,  the  traffic  area.  If  this  is  true, 
and  if  all  lignite  Is  carbonized  before  Its  t s • a?  a fuel,  94,920,000  tons 
of  low-temperature  lignite  tar  will  te  product"  from  which  a variety  of 
chemicals  may  be  extracted.  The  burning  cf  t.-.:.;  ■quantity  of  lignite  In 
power  plart  boilers  would  produce  51  million  tens  of  fly  ash  and  150 
million  tons  of  slag  aggregate. 

52.  A description  of  the  process  of  the  drying  and  carbonizing 
process  which  Is  essential  to  the  suctessful  use  of  lignite  as  a fuel  is 
described  in  the  report  "Low  Temperature  Carbonization  of  Coal  and  Lignite 
for  Thermal  Power  Generation"  from  the  Bureau  of  Mines.  Utilization  studies 
to  date  Indicate  that  the  94  ir.illior.  lure  of  lignite  tar  would  find  a 
market  la  the  chemical  Industry,  In  the  wood  preservative  Industry,  and 

In  other  industries  utilizing  pitches  and  similar  products,  although  no 
established  markets  exist  for  low-terrperature  lignite  tar  at  this  time. 

A portion  of  the  tar  ma.y  be  utlli/fd  ir  the  refining  Industry. 

53.  The  slag  and  fly  eeh  nay  ce  tilized  in  the  construction  industry 
as  a partial  replacement  for  Portland  cement,  in  the  oil  well  cementing 
Industry,  and  In  the  stabilization  of  Mghway  base  courses.  In  addition, 
the  slag  would  probably  be  used  as  «.  highway  surfacing  material,  and  can 
also  be  used  as  the  raw  materla.I  for  the  ms.'uf acture  of  mineral  wool 
Insulating  materials. 

54.  It  Is  possible  that.  In  addition  to  the  use  of  lignite  as  a 
fuel  for  steam  electric  generating  stations,  lignite  may  also  be  used 

as  a source  of  carbon  for  Industries  which  now  utilize  carbon  materials. 

The  manufacture  of  briquettes  from  charred  lignite  shows  great  promise 
for  use  of  this  material  as  a carbe.-.  source  In  the  metallurgical  and 
other  similar  Industries. 

55.  Electric  power  spokesmen  state  that  there  Is  a growing  shortage 
of  Industrial  electric  power  along  the  Gulf  Coast,  and  assert  that  this 
shortage  of  power  together  with  the  diminishing  spread  between  the  cost 
of  producing  electric  power  from  natural  gas  compared  to  production 

costs  from  coal  and  lignite  will  Induce  both  Industrial  and  power  Interests 
to  develop  a source  of  fuel  for  the  generation  of  power  to  supplement 
natural  gas,  the  present  fuel.  The  nearest  alternate  fuel  sources  are 
the  lignite  deposits  of  northeast  Texas.  The  use  of  these  lignites  would 
tend  to  accelerate  the  development  and  growth  of  the  entire  economy  of 
the  traffic  area. 
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56.  CEMENT.-  There  are  a number  of  locations  of  which  cement  raw 
materials  are  located.  It  Is  virtually  Impossible  to  est  mate  the  total 
reserves.  The  U.  S.  Bureau  of  Mines  reported  that  13, 169,J00  barrels  or 
2,476,000  tons  of  cement  were  produced  In  the  traffic  area  In  1959.  If 
It  Is  assumed  that  the  consumption  of  cement  Increases  100  percent  each 
10  years,  the  estimated  production  of  cement  In  the  traffic  area  would 
amount  to  about  4,952,000  tons  by  1969  and  about  9,904,000  by  1979. 

57.  STRUCTURAL  CLAY  PRODUCTS.-  There  Is  an  almost  unlimited  quantity 
of  burning  clay  located  within  the  traffic  area.  These  clays  are  of 
varying  qualities  and  are  used  for  different  end  products.  Based  on 

the  state  production  of  clay  In  recent  years,  and  the  number  of  structural 
clay  products  plants  now  In  operation.  It  Is  estimated  that  1.5  million 
tons  of  clay  and  clay  products  are  produced  annually  within  the  traffic 
area. 


58.  LIMESTONE.-  The  reserves  of  limestone  of  all  qualities  which 
are  found  In  the  traffic  area  are  virtually  unlimited.  Some  beds  are 
known  to  be  several  hundred  feet  thick.  In  the  traffic  area  for  the 
year  1958,  660,000  tons  of  limestone  were  used  In  the  manufacture  of 
lime.  Reserves  of  limestone  suitable  for  the  manufacture  of  lime  are 
Indefinite,  but  It  Is  expected  that  this  rate  can  be  maintained  for  the 
life  of  the  project. 

59.  TRANSPORTATION.-  The  traffic  area  Is  served  by  the  ship  channel 
extending  from  the  Gulf  of  Mexico  to  the  ports  of  Galveston  and  Houston; 

a network  of  railroads;  a system  of  all-weather  highways;  and  by  the 
Gulf  Intracoastal  Waterway  which  provides  shallow-draft  barge  transporta- 
tion to  the  Mississippi  River  System  serving  the  central  regions  of  the 
United  States  and  the  Great  Lakes. 

60.  The  entire  area  Is  served  by  an  excellent  system  of  Federal  and 
state  highways.  The  state  highway  system  Is  supplemented  by  farm-to- 
market  and  county  all-weather  roads  that  form  multiple  highway  routes 
between  the  principal  centers  of  the  area  and  serve  all  of  the  smaller 
communities . 

61.  The  deep-water  ports  of  Galveston  and  Houston  provide  two 
excellent  transshipping  points  for  world  trade  and  serve  the  area  through 
existing  transportation  systems.  The  proposed  waterway  would  connect  with 
these  ports  and  provide  all-water  service  to  the  area.  In  addition,  the 
proposed  waterway  would  connect  with  the  shallow-draft  Gulf  Intracoastal 
Waterway  which  would  provide  water  transportation  to  and  from  Che  traffic 
area  to  the  Texas  Gulf  Coast  as  far  south  as  Brownsville  and  as  far  east 
as  Sc.  Marks,  Florida,  as  well  as  Che  tributary  channels  of  the  waterway 
and  the  Mlssourl-Mlsslsslppl  River  system. 

62.  Railroads  are  predominately  located  In  Che  eastern  half  of  Che 
traffic  area.  Major  railroads  serving  Che  area  Include  the  Missouri- Kansas- 
Texas;  St.  Louls-San  Francisco;  Atchison,  Topeka  and  Santa  Fe;  Southern 
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Pacific;  Missouri  Pacific;  Chicago,  Rock  Island  and  Pacific;  St.  Louis 
Southwestern  (Cotton  Belt);  and  Chicago,  Burlington  and  Quincy.  These 
railroads  provide  trunk  line  rail  transportation  between  St.  Louis,  Kansas 
City,  Tulsa,  Oklahoma  City,  Little  Rock,  Fort  Worth,  Dallas,  Houston, 
Galveston,  Wichita  Falls  and  El  Paso.  These  lines  are  supplemented  by 
numerous  short  lines  and  feeder  branches  that  connect  virtually  every 
town  or  city  of  any  size  in  the  traffic  area  with  the  major  centers  of 
industry  in  Texas  and  in  the  United  States. 

63.  Other  transportation  systems  serving  the  area  include  a well 
organized  and  developed  system  of  pipelines  for  transportation  of  natural 
gas,  petroleum,  petroleum  products,  and  chemicals.  Several  major  airlines 
service  the  principal  centers  in  the  area  also. 
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BRIDGES 


Gh.  BRIDGES  ACROSS  TRINITY  RIVER  TC'  FORT  WORTH.-  There  are  59 
existing  bridges  over  the  552-railf‘  length  of  channel  ’onder  consideration 
for  Improvement,  which  extends  from  the  Houston  Ship  Channel  in  Galveston 
Bay  to  the  lower  end  of  the  authorized  Fort  Worth  floodway  extension  at 
the  Riverside  Drive  bridges  in  Fort  Worth,  Texas.  Pertinent  data 
concerning  the  existing  railroad  and  highway  bridges  over  the  552-mlle 
reach  are  given  in  tables  lU  and  15 . 

65.  Interstate  Highway  No,  10  with  a high-level  fixed  bridge  over 
the  Trinity  River  at  river  mile  7-^  is  the  onry  bridge  crossing  the 
^9-mile  reach  of  authorized  c.hannel  to  Liberty.  There  are  7 railroad 
bridges  and  I8  highway  bridges  in  the  W+4-raiie  reach  of  the  Trinity  River 
between  the  authorized  head  of  navigation  at  Liberty  and  Dallas.  In  the 
59-mile  reach  between  Dallas  and  Fort  Worth,  t.here  are  six  railroad 
bridges  and  27  highway  bridges.  None  of  uhe  railroad  bridges  listed  in 
table  1^,  is  presently  capable  of  being  operated  as  a movable  bridge. 
Investigation  reveals  that  in  practically  all  instances  the  existing 
railroad  and  highway  bridges  are  inadequate  with  respect  to  providing 
minimum  clearances  for  navigation  or  are  not  suitably  located  with 
respect  to  the  selected  sdigriment  of  the  proposed  channel  improvement. 
Information  concerning  the  modification  of  existing  bridges  or  construction 
of  new  bridges  required  to  provide  adequate  cleareinces  Lor  navigation  on 
the  proposed  cha:inel  to  Fort  Worth  is  given  in  paragraph  115* 
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LtEf^TINv  CORPS  OF  KNOlIffiERS'  PRC-JECT 


66.  PREVTOilo  PP'>CEC?S.-  'i'he  project  outlined  in  House  Document 
No.  409  Fifty-sixth  'ongrcjS,  first  session,  pro«^idp.d  for  a 4-foot 
cnannel  in  the  Trinity  River  from  the  rai.iuth  to  Dallas,  by  construction 
of  37  locks  and  dnrx. , vjth  incidcr'^al  dredging  and  open-channel  work. 

The  project  was  a.iop*ei  in  part  oy  rne  River  and  Hartior  Acts  of 

Jime  13,  1902,  i-iirch  :,  l^t^f,  H-rch  2,  I'/O'’,  Jitne  2^,  1>10,  July  25, 

1912  (which  ’rv.'ea?ed  tiiC  project  dcpti;  ro  0 Miirch  t,  1913, 

and  Juli'  27,  19 -6.  Each  acr  •othoric.ed  tne  .'onoti*’uct.on  of  certain- 
named  locks  arj;  dcici,,.  Trie  pvrtiot:  of  * he  iToject  relating  to  lock 
and  dam  construction  was  abandonea.  as  dii>-*ct'.'i  by  the  River  ana 
Harbor  Ac*  of  Septe-rber  22.  i'<22.  The  cents  atd  cxiie;nditu.res  for  the 
previous  projects  total  $2,  _dl,  of  which  $1,690, 4o6  was  for  new  work 
and  $2'9I,002  was  for  nalnte.nan'“ . In  aiditl.in,  $r'72,6'6(,i  was  expended  for 
operation  and  care  _ vks  and  rim.'  uadei  the  pemanen*-  indefinite 
appropriate oi'.,  and  $(v',  'iX.  cortr  ib  .* --d  by  loiat  interests  vas  e.xpended 
for  new  work. 

67.  Under  the  aithority  of  the  Ri ’^er  ano  Har  bor  Act  of  1902  and 
subsequent  legislation,  tne  Engineer  Dti-art-ment  constructed  seven  locks 
and  dams  a.^d  one  auxiliar;/  dam,  and  removed  obstructions  in  some  reaches 
of  the  riwr.  Tine  l.ock^",  w^th  i:  its  ' var.’ir.g  fror  "^.4  to  IT! ,'y  feet, 
provided  unuabi.e  t*iambers  of  jO  aV.'  f-’et  ar.d  a cun. mum  navigable 
depth  of  6 feet,  over  the  Love.r  m. te''  sl-i.  Six  of  the  lams  were  of 
the  Cnanoine  type,  one  of  tne  Rou^-r  t.vp*-,  and  one  of  t.ne  needle  type. 

66.  EXISTIiL  PROJECT.-  With  abandonmor t of  trx  ioex  and  lam 
construction,  the  imti reverie tt  of  the  Trinitv  River  oy  u channel  6 feet 
deep  and  of  riaviga''i.e  •'idt’i  fi'cir.  the  ut.t  to  Liberty  was  left  as  the 
existing  project,  being  ri>'*.lni'-d  t,'  pr>.>vid'=;d  for  in  the  River  and 
Harbor  Act  of  July  2t,  iwV'.  M- ‘nter.arc''  of  the  s;x-fo:>t  piroject  was 
suspended  in  1930. 

69.  The  six-foot  project  wn-.  modified  by  the  River  a^'d  Harbcr  Act 
of  March  2,  19^-5,  wnich  appro -ed  h ■ omf  rener.si'.r  p_a'*  of  development 
of  the  Trinity  River  a:d  triburaries,  T°xa:t , In  aicordarie  with  the 
recommendations  set  forth  in  douue  Doc  in»!')d  loR,  77‘1  Cong~ss,  1st 
session,  subject  to  such  fiv  Tnodifit,:atioi>s  as  in  the  discretion  of 
the  Chief  of  Engineers  and  the  Secretary  of  the  Ann^v  rjay  he  advisable, 
but  authorise  for  conttrictijn  onlv  the  sectiori  of  the  charnel 
extending  from  the  Houston  Ship  Coaru'ei  to  and  l.ociuding  a turning  basin 
at  Liberty,  Te»is.  TTiat  piar:  vou-.d  provlae  for  a .navigable  channel 
extending  from  the  Houston  Snip  Cnaiuiel  in  upper  Galveston  Bay  to  a 
terminus  at  Fort  Worth,  Tt^xat.  T*ie  p -an  p.-ovided  for  a channel  9 feet 
deep  and  200  feet  vilf;  ir  Gaivnstor.  Bay  and  I50  feet  wide  upstream  of 
the  mouth  of  the  Trinity  Ri\e.r  viih  shmting  p.laces  and  suitable  widening 
on  curves  and  26  lock.s  and  d»ijm;>  to  overtomf;  the  fall  of  the  river, 
totaling  480  feet.  The  ;iavagution  locks  would  .have  clear  basin 
dimensione  of  75  feet  wide  hy  40'd  feet  long. 
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70.  The  River  and  Harbor  Aol  .)f  Jidy  oU,  1^6,  further  modified 
the  comprehensive  plan  to  provide  a > x 150-foot  ciiannel  below  Anahuac 
along  the  eastern  shore  of  Trinity  Bay,  in  accordance  with  the  recommenda- 
tions of  the  Chief  of  Engineers  in  Hc’use  IXoc'jment  63^,  7?th  Congress, 

2nd  session. 

71.  The  existing  project  now  provides  for  a sea-level  channel., 

9 feet  deep  and  I50  feet  wide,  below  mean  low  tide,  extending  easterly 
from  the  Ho'jston  Shipi  Channel  near  Red  Fish  Bar  to  and  along  the  east 
shore  of  Trinity  Bay  to  Anah'uac,  Texas,  thence  generally  following 
the  .’'.atural  Trinity  River  cha_n.icl  to  and  including  a turning  basin  at 
Liberty,  Texas,  a distance  of  about  US. 9 miles,  with  a protective 
(spoil)  embankment  on  tne  Trinity  Bay  side  of  the  channel  between 
Smith  Point,  mile  6.0,  and  Anah’iac,  mile  2U.3,  and  a log  boom  at  the 
head  of  the  Ar'.ahuac  ch.annel.  The  project  wan  authorized  subject  to 
such  future  modification  thereof  as  in  the  discretion  of  the  Secretary 
of  the  Army  a.nd  tne  Chief  of  Engineers  :my  be  advisable,  and  to 
prescribed  requirem.e.nts  of  local  cooperation. 

72.  The  portion  of  the  existing  project  from  the  Houston  Ship 
C.hannel  to  mile  23-2,  about  one  mile  below  Anahuac,  Texas,  was  completed 
to  project  dimensions  including  the  protective  (spoil)  embankment  in 
1950.  Sufficient  tral'flc  did  not  use  the  completed  portion  of  the 
chian.nel  to  justify  its  i:iainte.nan:e.  The  controlling  deptii  of  chan.nel 
was  3-5  feet  in  1952,  and  2.5  feet  in  1953 • Navigation  on  the  Trinity 
River  to  ar.d  from  Trinity  Bay  now  uses  t'le  Anahuac  Channel  that  connects 
with  the  river  at  Anah'.nc,  Texas,  aid  extends  to  6-foot  depth  in 
Trinity  Bay,  a distance  of  about.  5.5  miles.  Some  funds  have  been 
expended  for  removal  of  s.noais  in  the  river  section  of  the  channel, 
river  mile  9-9  bo  1C. 3,  abo  ut  one  mile  bo  Low  the  Texas  Gu.lf  Sulphur 
Compjany's  chaui.-iel.  The  average  au-nual  mni;'.te:iance  cost  during 

the  past  five  yeans  was  vU,5^-  Tnc  latest  (1952)  approved  estimate 
of  cost  of  a;mual  me.ljiteuance  and  operation  of  the  modified  project 
ciiannel  is  $120, OCO  as  given  in.  Ho’-xse  I>.  C'ur.ieut  No.  63U,  7'9th  Congress, 

2nd  session.  Tlie  total  cost  of  tne  existing  project  to  June  30,  19^0 
was  $1,295,7*+!  of  which  $l,0*+2,660  wne  for  now  worx,  a:id  $253>08l 
for  maintenance. 

73.  LOCAL  COOPER/'. TI ON.  - Unuer  prior  projects  the  local  interests 
contributed  $66,000  for  w ,rk  in  t;»e  section  from  East  Fork  to  Dallas  and 
provided  lands  needed  for  tiie  locks  anti  rinj-.-.s. 

7*+.  The  existing  project  for  a navigation  cliam.el  from  the  Houston 
Ship  Channel  to  Liberty  is  subject  to  the  condition  th.at  local  Interest 
furnish  necessary  rigiits-of -way  and  suitable  areas  for  disposal  of 
dredged  material,  make  necessary  c.hanges  in  utilities  crossing  the 
natural  river  channel  bel(.)w  Liberty,  give  assurances  satisfactory  to 
the  Secretary  of  tiie  Am.iy  that  they  will  provide  adequate  terminal  and 
treuiofer  facilities  on  tiie  waterway,  aiid  hold  and  save  Uie  United  States 
free  from  claims  for  dar.iages  tliat  may  result  from  construction  auid 
operation  of  the  impirovements . 
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75.  Local  Interesto  .^-^ve  fully  complied  with  the  conditlor.s  contained 
in  House  Document  63^,  Y[lth  Congress,  2nd  session,  for  the  completed 
portion  of  the  ctiaianel  below  Anah'jac,  but  iave  not  complied  with  conditions 
of  local  cooperation  in  H>  use  Dicurnent  ^03,  7?th  Congress,  1st  session 

for  the  portion  of  the  ci.einnel  above  Arahuac.  The  local  interests  have 
refused  to  coope’rate  towards  completion  of  the  channel  above  Anahuac  because 
the  local  rice  irrigators  allege  trat  the  channel  would  Increase  the 
intinoslons  of  salt  water  Into  the  river  and  damage  the  fresh  water  supply 
used  for  rice  Irrigation. 

76.  RECOMMEh'IED  MODIFICATION  OF  EXISTING  PROJECT.-  Salinity  control 
in  the  lower  river  and  further  advancement  of  the  existing  project  are 
included  in  tne  plan  of  improvement  for  the  mijltiple  purpose  Wallisville 
reservoir  project  recommended  by  the  Acting  Chief  of  Engineers,  under  date 
of  April  18,  1961,  as  set  forth  in  House  Document  No.  215,  87th  Congress, 

1st  Session.  The  officials  of  the  Trinity  River  Authority  of  Texas  and 
the  Chambers -Liberty  Cou,nties  Navigation  District,  who  would  be  responsible 
for  the  local  cooperation,  tave  agreed  t!at  the  recommended  plan  for  the 
Wallisville  reservoir  would  meet  th.,  ir  present  needs  and  requirements 

and  have  agreed  to  provide  all  proposed  items  of  local  cooperation. 

77.  With  respect  to  navigation  ti.e  recommended  plan  proposes  the 
construction  of  a navigation  lock  and  earth  fill  dam,  a navigation 
approach  channel  extending  downstream  of  the  lock,  minor  curve  easing 

of  the  channel  in  the  vicinity  of  Interstate  Highway  No.  10  bridge  across 
the  Trinity  River  near  Wallisville  and  advancement  of  the  existing  project 
channel  from  its  present  ending  at  mile  23.2  to  mile  33*8»  at  the  Texas 
Gulf  Sulphur  Company's  spur  channel. 

78.  The  recommended  plan  also  provides  tbsit  a minimum  water  surface 
of  one  foot  above  mean  sea  level  should  be  maintained  in  the  reservoir 

to  aid  and  assist  in  preventing  salt  water  intrusion  upstream  of  the 
lock  stiaicture.  Accordingly,  the  existing  9^150  foot  project  channel 
upstream  of  the  lock  at  channel  mile  28.3  would  be  constructed  to 
provide  for  navigation  when  conservation  storage  in  the  reservoir  was 
depleted  to  elevation  1.0  above  mean  sea  level.  The  requirement  to 
maintain  minimum  water  surface  at  elevation  1.0  constitutes  a slight 
modification  of  the  existing  project  whereby  the  project  depth  of  the 
channel  upstream  of  the  lock  structure  would  be  based  on  elevation  1.0 
above  mear.  sea  level  instead  of  mean  low  tide,  a difference  of  about  2.36 
feet . 

79.  RELATCD  NAVIGATION  PRCilECTS.-  There  are  two  existing  navigation 
projects  in  the  vicinity  of  Anah'jac,  Texas,  which  would  be  affected  by 
completion  of  additional  portions  of  the  authorized  channel  to  Liberty. 

These  projects  are:  Mouth  of  Trinity  River,  Texas,  and  Anahuac  Cha.nnel, 

Texas.  These  projects  will  be  Incorporated  in  the  existing  Trinity 
River  and  Tributaries,  Texas,  project,  in  accordance  with  the  recommenda- 
tions of  the  Acting  Chief  of  Engineers  as  set  forth  in  House  Document 

No.  215,  87th  Congress,  1st  session.  In  general  the  Anahuac  Channel 
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would  be  maintained  as  a feeder  channel  6 feet  deep  ajid  8o  feet  wide 
between  Trinity  Bay  and  the  channel  to  Liberty.  The  mouth  of  Trinity 
River,  Texas,  project  would  become  permanently  inactive. 


♦ 

8o.  The  channel  to  Liberty  now  crosses  near  the  outer  end  of 
the  Double  Bayou,  Texas,  project,  at  about  channel  mile  15-7-  The 
existing  Double  Bayou  project  provides  for  a channel  6 feet  deep  and 
ICX)  feet  wide  through  the  bar  at  the  mouth  of  Double  Bayou.  Improve- 
ment of  the  channel  to  Liberty  would  not  adversely  affect  the  Double 
Bayou  channel. 
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TERMINAL  AND  TRAVSFEw  FACILITIES 


81.  tDCiSTING  FACILITIES.-  The  p:cpoi>e'l  w&*;erway  In  the  Trinity 
River  will  connect  with  adjacent  existing  waterways  that  carry  large 
volumes  of  seagoing  and  shallow-draft  commerce.  Forts  on  these 
adjacent  waterways  have  modern  public  and  private  terminal  and  handling 
facilities  that  are  capable  of  accepting  cormnodities  in  barge- load  or 
tow- load  quantities  for  efficient  transshipment  or  local  distribution. 
These  facilities  are  considered  adequate  to  provide  for  the  movement, 
storage  or  distribution  of  existing  as  well  as  prospective  commerce 
evaluated  for  the  proposed  waterway. 

82.  TRINITY  RIVER.-  There  are  rive  wharves  on  the  river  between 
the  mouth  and  a point  thirty-eight  miles  upstream  at  Liberty,  Texas. 

Four  of  the  wharves  range  from  10  to  20  feet  In  length  and  the  fifth 
at  Liberty  is  150  feet  long.  All  are  privately  owned  and  with  the 
exception  of  one,  are  free  to  public  use.  Four  of  the  wharves  have  no 
freight  handling  equipment  although  one  has  a manually  operated  derrick. 
There  are  no  rail  connections  at  any  of  the  wharves;  however,  the  wharves 
are  considered  adequate  for  the  existing  cccsnerce.  The  Texas  Gulf  Sulphur 
Company  has  constructed  a 12-  x 100- foot  side  chan.iel  extending  about 

A, 500  feet  from  mile  11.1  on  the  river  to  a 12-  x 380-  x 1320-foot  slip 
with  terminal  and  handling  faciliCies  for  the  shipment  of  sulfur  from 
the  Moss  Bluff  mines. 

83.  There  are  several  small  privately  owned  wharves  and  slips  for 
local  use  at  Anahuac  at  the  mouth  of  the  Trinity  River  that  are  adequate 
for  local  commerce. 

84.  GALVESTON  HARBOR  aND  CiiA.NNEL.-  There  are  no  terminals  on 
Galveston  Harbor  but  it  is  the  entrance  channel  leading  to  extensive 
terminal  and  transfer  facilities  located  o.i  Galvestcn  Channel,  Texas  City 
Channel  and  the  Houston  Ship  Channel^  «ll  of  which  would  connect  with  the 
proposed  waterway  in  the  Trinity  River, 

GALVESTON  CHANNEL.-  Tertr.*r.al  facilities  on  Galveston  Channel 
are  almost  entirely  on  the  south  side  of  the  'hannel.  The  principal 
facilities,  owned  ar-d  operated  by  the  city  of  Galveston,  extend  from 
10th  to  41st  Streets.  Piers,  trarslr  fhads,  bulkheads  and  concrete 
aprons  are  Included  in  the  facilities.  Details  of  the  fecilities  avail- 
able are  contained  In  Port  Series  No.  23,  revised  1948  and  No.  6,  part  1. 

8b.  TEXAS  CITY  CHA.NNEL.-  A privately  owned  seatreln  terminal, 
completed  Ip  194C,  provides  water  transocrtatlon  of  rail  cars  to  the 
east  coast.  Privately  owned  mocern  terminal  facilities,  rebuilt  or  re- 
habilitated since  the  Texas  City  disaster  in  April  of  1947,  are  located 
at  the  Inner  end  of  the  Texas  City  Channel  Details  of  these  facilities 
are  given  in  Port  Series  No.  23  revised  I9.+8,  Corps  of  Engineers. 
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87.  HOUSTON  SHIP  CHANNEL.-  The  Poit  of  Houston  hes  extensive 
facilities  for  handling  all  types  of  seagoing,  rail  and  barge  conanerce. 

The  wharves,  warehouses,  sheds,  equlpme.''.c  and  other  terminal  installations 
are  modern  and  efficient.  The  privately  constructed  facilities  have  been 
supplemented  by  Installations  constructed  by  both  the  city  of  Houston  and 
the  Harris  County  Houston  Ship  Channel  Kavigatlon  District.  Terminals, 
both  public  and  private,  have  been  constructed  at  many  locations  along 
the  20-mile  length  of  the  Houston  Ship  Channel  between  Baytown  and  Houston 
as  well  as  extensive  facilities  constructed  in  the  turning  basin  proper. 
Details  of  terminals  and  their  equipme.nt  are  contained  in  Port  Series 

No.  24,  revised  1948,  Corps  of  Engineers.  Docho  No.  8 and  9,  624  feet 
and  9,500  feet  long,  respectively,  have  been  constructed  since  1948. 

These  wharves,  constructed  immediately  belov  tre  turning  basin,  are 
available  to  the  public. 

88.  gulf  INTRACQASTAL  WaTERWATJ.-  This  wsterway,  extending  the  entire 
length  of  the  Gulf  Coast  from  St.  Marks,  Florida,  to  Brownsville,  Texas, 
would  connect  the  proposed  Trinity  River  channel  with  all  of  the  major 
waterways  and  their  tributary  channels  Ir.  the  Mississippi  River  system. 

The  Texas  section  of  the  veterway,  extending  from  the  Sabine  River  on  the 
east  to  the  Rio  Grande  on  the  south,  with  tributary  channels  to  all  major 
Texas  ports  has  modern  adequate  terminal  and  transfer  facilities  at 
Orange,  Port  Arthur,  Galveston,  Freeport,  Port  Lavaca,  Port  Aransas, 

Corpus  Chriati,  Port  Isabel  and  Brownsville,  Texas.  These  facilities 

are  detailed  in  Port  Series  No.  22,  revised  1946;  No.  23  and  23,  revised 
1948,  Corps  of  Engineers,  and  reports  or.  Freeport  Harbor,  Matagorda  Ship 
Channel,  Channel  from  Pa*is  Csvallo  to  Fort  lavaca,  ard  Bra20s  Island 
Harbor,  Texas. 
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89.  TRAFFIC  BY  MAJOR  SYSTEMS.-  The  Trinity  River  tributary  area  Is 
well  served  with  various  means  of  transportation.  An  excellent  rail  and 
major  highway  network  covers  the  entire  area  which  has  waterborne  access 
by  oceangoing  vessel  to  every  major  seaport  In  the  world.  The  Gulf  Intra- 
coastal Waterway  likewise  distributes  the  products  of  this  area  to  Gulf 
ports  from  Brownsville,  Texas,  to  Florida  and  also,  via  the  Mississippi 
River  and  Its  system,  to  ports  on  the  Great  Lakes. 

90.  The  major  rail  lines  serving  the  area  offer  not  only  access  to 
existing  seaports  but  connect  with  lines  serving  all  parts  of  the  con- 
tinental United  States  and  Mexico.  Texas  has,  according  to  the  Sixty- 
Ninth  Annual  Report  of  the  Railroad  Commission  of  Texas,  1960,  12,760 
miles  of  Class  I and  2,243  miles  of  Class  II  railroads,  while  Oklahoma, 
according  to  the  Statistical  Abstract  of  Oklahoma,  1959,  published  by 
the  University  of  Oklahoma,  has  a total  of  5,960  miles  of  railroad  not 
designated  by  class.  These  major  rail  lines  are  shown  on  plate  2. 
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91.  Rail  traffic  terminating  In  Texas,  according  to  the  Statistical 
Section  of  the  Sixty-Ninth  Annual  Report  of  the  Texas  Railroad  Commission 
amounted  to  over  60,080,666  tons  in  1960,  The  commodities  accounting  for 
the  greatest  tonnages  were:  sand  and  gravel,  7,262,568  tons,  grains 
(excluding  wheat)  7,151,258  tons,  and  wheat  5,545,591  tons  for  Class  I 
Railroads.  The  total  freight  carried  in  Texas  with  terminations  both 

In  and  out  of  Texas  amounted  to  153,634,461  tons  of  which  54,698,262  tons 
originated  In  Texas.  Similar  statistics  could  not  be  found  for  Oklahoma, 
but  It  Is  probable  that,  because  of  Its  smaller  size  and  greater  wheat 
production,  wheat  would  account  for  the  largest  single  Item  of  railroad 
tonnage  In  that  state.  Overall  tonnage  should  be  roughly  proportional 
to  railroad  mileage  or  somewhat  less  than  half  the  through  freight 
reported  for  Texas . 

92.  Major  highways  serving  the  area  are  a highly  developed  system 
of  main  Federal  and  state  highways  extending  In  all  directions  and 
serving  port  and  Inland  areas.  Texas  had  55,750  miles  of  paved  highway 
In  1959  and  reported  620,000  commercial  motor  vehicles  that  year;  while 
Oklahoma  reported  11,556  miles  of  primary  state  highway  and  139,246 
commercial  trucks  at  the  end  of  1958. 

93.  WATERWAYS  ADJOINING  PROPOSED  TRINITY  RIVER  CHANNEL.-  Waterborne 
transportation  at  the  present  time  is  confined  exclusively  to  the  Gulf 
Intracoastal  Waterway  and  oceangoing  transportation.  The  accompanying 
table  16  shows  the  Increase  of  over  40  percent  in  waterborne  traffic 

over  the  past  12  year  period.  Some  Interim  fluctuations  will  be  noted 
that  were  a result  of  changing  economic  conditions,  but  It  will  be  noted 
that  the  long  term  trend  has  been  Increasing.  This  general  Increase 
has  been  caused  principally  by  the  steadily  Increasing  demand  for  crude 
petroleum  and  petroleum  products,  but  other  commodities  have  tended  to 
show  Increases  as  exemplified  by  the  wheat  traffic  In  Galveston  which 
amounted  to  299,421  tons  In  1954  and  2,187,232  tons  In  1960  and  unmanu- 
factured cotton  which,  in  Galveston,  amounted  to  230,678  tons  In  1954 
and  572,420  tons  In  1960. 
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94.  The  Gulf  Intracoastal  Waterway  tonnage  between  the  Sabine  River 
and  Galveston  shows  an  Increase  of  over  78  percent  during  the  12  year 
period  from  1949  to  1960  as  contrasted  with  the  40  percent  overall  Increase 
In  waterborne  traffic.  This  Increase  has  been  largely  In  petroleum  and 
products,  chemicals,  and  seashells.  The  existence  of  various  Industries 
dealing  In  bulk  low  value  commodities  such  as  sand  and  gravel,  cement, 
gypsum,  and  stone  In  the  Inland  Trinity  River  tributary  area  would  probably 
Increase  Gulf  Intracoastal  Waterway  traffic  If  these  sources  of  supply 
could  be  tapped  by  low-cost  transportation.  Low-cost  transportation  would 
extend  the  marketing  areas  of  many  of  these  products  that  cannot  be 
exploited  profitably  with  existing  means  of  transportation. 
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95.  GENERAL.-  The  plan  of  improvement  providing  for  a canalized  multiple 
purpose  Trinity  River  channel  to  Fort  Worth,  Texas,  as  recommended  in  this 
report,  provides  for  an  improved  channel  designed  primarily  for  flood  control 
and  navigation.  The  proposed  channel  would  connect  with  the  Houston  Ship 
Channel  near  Red  F^sh  Bar  in  Galveston  Bay,  about  9.9  miles  from  the  Gulf 
Intracoastal  Wr.terway  crossing  of  the  Houston  Shio  Channel  in  the  lower  part 
of  Galveston  Bay.  From  its  junction  with  the  Houston  Ship  Channel,  the  pro- 
posed channel  would  coincide  generally  with  the  authorized  channel  to  Liberty 
project  passing  through  the  recommended  Wallisville  lock  and  reservoir  to  the 
existing  authorized  head  of  navigation  at  Liberty,  Texas.  Upstream  of  Liberty, 
the  channel  would  extend  along  the  general  course  of  the  Trinity  River  passing 
through  the  Livingston  and  proposed  Tennessee  Colony  reservoirs  enroute  to 

its  ending  at  the  Riverside  Drive  bridges  over  the  West  Fork  in  Fort  Worth, 
Texas  where  the  charnel  would  join  with  the  lower  end  of  the  existing  Fort 
Worth  Floodway.  The  plan  provides  for  a channel  about  369.8  miles  long 
between  the  Houston  Ship  Channel  and  the  Riverside  Drive  bridges  in  Fort  Worth, 
excluding  spur  channels  extending  to  the  Dallas  and  Fort  Worth  terminus.  The 
channel  mile  distance  from  the  Houston  Ship  Channel  to  the  Dallas  terminus 
and  the  Fort  Worth  terminus  would  be  328  and  364  miles,  respectively. 

96.  CHANNEL  ALIGNMENT.-  The  plan  provides  for  numerous  cut-offs  of 
small  river  bends  and  straightening  of  the  river  to  provide  tangent  reaches 
on  the  general  alignment  of  the  river  with  maximum  curvature  of  2, 500- foot 
radius  between  tangent  reaches,  2,500-foot  tangent  approach  channels  to  the 
proposed  locks  and  1,500- foot  tangent  approach  channels  to  bridge  structures. 
The  proposed  alignment  of  the  channel  is  shown  on  the  general  plan,  plates 

3 through  10. 

97.  Investigation  reveals  that  it  would  be  most  economical  to  provide 
a river  cut-off  channel  at  Wallisville,  Texas,  for  prospective  traffic  on 
the  channel  to  Dallas  and  Fort  Worth,  as  shown  on  plate  3.  The  proposed 
channel  realignment  would  save  about  1.2  miles  of  travel  and  is  included 

in  the  plan  of  improvement  for  the  multiple  purpose  channel  project. 

98.  Alignment  of  the  channel  through  the  South  Liberty  Oil  Field 
near  Liberty,  Texas,  is  shown  on  the  general  map,  plate  3 and  in  greater 
detail  on  plate  11.  Under  present  conditions  there  are  no  oil  or  gas 
wells  adjacent  to  the  river  below  river  mile  35,  but  numerous  wells  exist 
in  this  reach  along  the  outer  limits  of  the  flood  plain  which  precludes 

the  location  of  the  channel  through  these  areas.  Upstream  of  river  mile  35, 
the  selected  channel  alignment  would  serve  small-size  gathering  lines  and 
elevated  service  roads  to  the  wells,  but  would  not  require  redrilling  of 
any  wells.  The  plan  provides  for  relocating  the  pipelines  and  construction 
of  new  service  roads  over  the  proposed  river  diversion  dams  to  connections 
with  the  existing  roads  now  providing  access  to  the  various  wells,  generally 
as  shown  on  plate  II. 

99.  Below  the  Livingston  and  Tennessee  Colony  dams,  the  multiple 
purpose  channel  would  divide  into  two  separate  charnels  - one  serving 
navigation  and  the  other  serving  flood  release  discharges,  as  shown  on 
plates  4 and  7,  respectively. 
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LOO.  The  plan  also  provides  for  a spxir  ctiannei  to  serve  the  proposed 
Dallas  terminus  which  would  be  located  about  one-half  mile  northeast  of 
the  Texas  and  New  Orleans  Railroad  bridge  over  the  channel  to  Fort 
Worth,  as  shown  on  plate  10.  The  spur  channel  would  extend  from 
channel  mile  326.7  for  a distance  of  about  1,7  miles  to  and  including 
a 400-foot  square  turning  basin  at  the  Diillas  terminus. 

101.  A spur  channel  would  be  provided  to  serve  the  proposed  Foart 
Worth  terminus  located  near  the  east  limit  of  Fort  Worth  and  about  one 
mile  south  of  Halton  City,  as  shown  on  plate  10.  The  channel  would 
extend  from  channel  mile  362.8  for  a distance  of  1.2  miles  to  and 
including  a lOO-fcot  square  tuming  basin  at  the  Fort  Worth  terminus. 

102.  The  channel  between  the  mouth  of  the  Trinity  River  at  Anahuac 
and  the  Riverside  Drive  bridges  at  Fort  Worth,  would  have  a length  of 
about  3^5  miles,  whereas,  the  river  in  this  reach  has  a length  of 

552  miles  (1939  mileage),  including  the  channel  and  river  alignments 
in  the  Wallisvllle,  Livingston  and  Tennessee  Colony  reservoirs.  Table  17 
shows  for  each  pool  the  length  of  channel  in  ri''/er  and  cut-off  and  other 
pertinent  data. 

103.  CHANNEL  DIMENSIONS.-  The  plan  of  improvement  for  the  multiple 
purpose  channel  is  based  primarily  on  tiie  requirements  for  navigation 
and  flood  control.  Channel-size  formulation  studies  for  navigation 
show  that  a channel  having  dimensions  of  12  feet  deep  and  150-foot 
bottom  width  would  be  the  most  economical  for  modem  barge  navigation 
required  to  transport  the  prospective  commerce  on  the  channel.  Channel- 
size  studies  for  flood  control  reveal  that  it  would  be  feasible  to 
relocate  the  navigation  channel  more  on  river  alignment  in  certain 
proposed  river  bend  cut-offs,  also  enlarge  the  realignment  navigation 
channel  by  deepening  and/or  widening  where  necessar;/  to  provide  sufficient 
capacity  for  operating  discliarges  from  the  existing  and  proposed  flood 
control  reser’/oirs  on  the  watershed  and  at  the  same  time  provide  additional 
capacity  for  ronoff  from  the  uncontrolled  drainage  areas  below  the 
reservoirs.  Pertinent  information  concerning  the  design  of  the  multiple 
purpose  channel  is  given  in  appendix  II. 
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TABLE  17 

LENGTH  OF  MULTIPLE -PURPOSE  CHANNEL 
IN  CUT-OFF  AND  IN  RIVER 


Pool  : 
No.  : 

Length  of  channel  : 
in  cut-off: in  river :Total  : 
(miles)  : (miles)  : (miles): 

Length  : 
of  river: 
(miles)  : 

Distance 

saved 

(miles' 

Cumulative 
distance  saved 
(miles ) 

Tidal 

.80 

3.10 

3-9 

3.9 

1 

8.35 

10.80 

19.15 

35.9 

16.75 

16.75 

2 

5.87 

5.76 

11.63 

21.6 

9.97 

26.72 

3 

9.66 

6.11 

15.77 

32.0 

16.23 

42.95 

4 

7.77 

15.38 

23.15(1) 

32.6 

9.45 

52.40 

5A 

1.20 

- 

1.20 

3.0 

1.80 

54.20 

5B 

20.19 

28.53 

48.72 

70.8(2) 

22.08 

76.28 

6 

14.56 

21.44 

36.00 

48.3 

12.30 

88.58 

7 

9.89 

13. Ih 

23.63 

35.4 

11.77 

100.35 

8 

8.52 

1.88 

10.40 

26.8 

16. 40 

116.75 

9 

7.95 

7.10 

15.05(3) 

28.7 

13.65 

130.40 

lOA 

0.61 

- 

.61 

1.2 

0.59 

130.99 

lOB 

18. 04 

7.26 

25.30 

45.6(4) 

20.30 

151.29 

11 

9.22 

6.38 

15.60 

25.3 

9.70 

160.99 

12 

7.66 

4.47 

12.13 

20.5 

8.37 

169.36 

13 

7.87 

3.87 

11.71- 

20.0 

8.26 

177.62 

lU 

6.08 

1.85 

7.93 

13.9 

5.97 

183.59 

15 

2.81 

2.13 

4.94 

6.7 

1.76 

185.35 

16 

3.97 

2.59 

6.56 

8.2 

1.64 

186.99 

17 

7.62 

5.88 

13.50 

17.8 

4.30 

191.29 

18 

3.04 

8.16 

11.20 

11.8 

.60 

191.89 

19 

5.4o 

4.00 

9.40 

14.8 

5.4o 

197.29 

20 

2.63 

5.63 

8.26 

11.8 

3.54 

200.83 

21 

6.14 

3.^5 

9.59(5) 

15.7 

6.11 

206.94 

175.85 

169.51 

345.36 

522.3 

206.94 

(1)  Length  of  pool  No.  to  Lock  5A  located  in  navigation  cut-off  channel. 

(2)  Length  of  river  from  Livingston  reservoir  spillway  to  lock  and  dam 

No.  6. 

(3)  Length  of  pool  No.  9 to  Lock  lOA  located  in  navigation  cut-off  chennel. 

(4)  Length  of  river  from  Tennessee  Colony  reservoir  dam  to  lock  and  dam 

No.  11. 

(5)  Length  of  channel  from  lock  & dam  No.  21  to  Riverside  bridges  in  Port 

Worth . 
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104.  Accordingly,  the  plan  of  improvement  provides  for  deepening 
to  12  feet,  the  completed  and  uncompleted  portions  of  the  9 X 150-foot 
channel  to  Liberty  project  from  the  Houston  Ship  Channel  to  channel 
mile  35*5,  including  the  channel  realignment  at  and  below  Walllsville, 
Texas,  proposed  in  this  rejxjrt.  At  channel  mile  35 the  9 X 150  foot 
authorized  (uncompleted)  channel  to  Liberty  would  be  incorporated 

in  the  proposed  multiple  purpose  channel  which  would  have  a bottom 
width  of  300  feet  and  a depth  of  about  27  feet  below  top  of  river 
banks.  Upstream  of  channel  mile  35 •5>  the  dimensions  of  the  channel 
would  decrease  to  a minimum  of  150  feet  at  the  Livingston  Reservoir 
dam.  Upstream  of  the  Livingston  Dam,  the  channel  would  have  a bottom 
width  of  150  feet  excepting  three  widely  separated  reaches  where  the 
channel  width  would  be  200  feet. 

105.  The  plan  provides  for  a channel,  12  feet  deep  and  150  feet 
wide  extending  through  the  Walllsville,  Livingston  and  Tennessee 
Colony  Reservoirs.  The  top  of  the  channel  through  the  reservoirs 
would  be  located  at  the  bottom  elevation  of  the  conservation  pools 
of  the  respective  reservoirs,  and  thereby  the  channel  would  provide 
100  percent  navl^tion  through  the  reservoirs  when  conservation 
storages  are  fully  depleted.  The  plan  also  provides  for  a minimum 
navigable  depth  of  12  feet  below  normal  pool  elevation  for  various 
lengths  in  the  navigation  pools  located  generally  upstream  of  the 
Tennessee  Colony  Reservoir.  Detailed  information  concerning  the 
channel  lengths,  denths,  gradients  and  capacity  of  the  various 
channel  sections  including  analyses  of  the  durations  and  velocities 
of  the  regulated  channel  discharges  to  be  encountered  by  navigation 
on  the  multiple  purpose  channel  is  given  in  appendix  II.  Pertinent 
information  regarding  the  dimensions  and  capacity  of  various  sections 
of  the  multiple  purpose  channel  is  given  in  table  I8.  Plates  12 
through  15  show  the  bottom  gradient  of  the  proposed  channel. 
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TABLE  l8 

DIMENSIONS  AND  CAPACITY  OF  MULTIPLE-PURPOSE 
TRINITY  RIVER  CHANNEL 


Channel  mile*: 

Length  : 

Bottom 

Depth 

: Recommended 

Recommended 

From 

: To  : 

(miles ) : 

width 
( feet ) 

(feet)(l) 

: operating 
: discharge 
: CFS 

channel 

capacity 

CFS 

0.0 

28.30 

28.30 

150 

13.3 

Tidali  pool 

28.30 

35.50 

7.20 

150  1210  #0: SOiO.Hallisville  Reservoir(2) 

35-50 

43.50 

8.00  ' 

300 

27.0 

35,000 

45,000 

43-50 

55.70 

12.20 

250 

30.0 

35,000 

45,000 

55-70 

74.8- 

19.15 

200 

34.0 

35,000 

45,000 

74.85 

100. Ben) 

26.03 

150 

40.0 

35,000 

45,000 

96-94 

147-9^ 

50.98(4) 

150  6 

0 to  54.0 

Livingston 

Reservoir 

147.92 

234.60(5) 

85.98 

150 

45.0 

35,000 

45,000 

229.70 

274.51 

45.01(6) 

150  8 

0 to  28.0 

Tennessee  Colony  Reseirv. 

274 . 51 

293.0 

18.49 

200 

25.0 

25,000 

32,000 

293.0 

304.0 

11.00 

150 

28.0 

25,000 

32,000 

304.0 

331.31 

27.31 

150 

26.0 

20,000 

27, 000 

331.31 

337.30 

5.99 

150 

26.0 

20,000 

25,000 

337.30 

342.51 

5.21 

150 

26.0 

12,000 

15,000 

342.51 

360.17 

17.66 

200 

26.0 

12,000 

15,000 

360.17 

367.83 

7.66 

150 

26.0 

12,000 

15,000 

387-83 

369.76 

1.93 

200 

26.0 

12,000 

15,000 

(1)  Approximate  depth  of  channel  below  top  of  river  banx. 

(2)  Upper  reach  of  Inundated  reservoir  lands. 

(3)  Upper  end  of  flood  release  discharge  channel  at  end  sill  of  the 

Livingston  spillway  basin. 

(4)  Length  of  navigation  channel  through  Livingston  Reservoir  from  its 

Junction  with  flood  release  discharge  channel  below  the  reservoir 
dam  to  lock  and  dam  No.  6. 

(5)  Upper  end  of  flood  release  discharge  channel  at  end  sill  of  the 

Tennessee  Colony  spillway  basin'. 

(6)  Length  of  navigation  channel  through  'Itennessee  Colony  Reservoir 

from  its  Junction  with  flood  release  discharge  channel  below  the 
rebervolr  dam  to  lock  and  dam  No.  12. 
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106.  RIVER  DIVERSION  DAMS.-  Diversion  darns  would  be  placed  across 
the  upstream  end  of  severed  river  bends.  These  dsmis  would  be  provided 
to  confine  all  flows  in  the  multiple  purpose  channel.  Dams  would  not 
be  provided  for  short  severed  reaches.  Eighty-one  diversion  dams  would 
be  required  for  the  multiple  purpose  ci.annei.  Construction  of  each  dam 
would  require  an  average  of  approximately  iJ6,000  cubic  yards  of  channel 
spoil  material.  Top  of  dams  would  be  constructed  to  the  elevation  of 
the  flood  of  record  and  would  have  a length  of  two  hundred  feet  greater 
than  the  distance  between  tops  of  bank  of  the  river  measured  along  the 
alignment  of  the  channel.  Plates  3 thru  9 on  pages  ^2  to 

stiow  the  locations  of  the  proposed  river  diversion  dams. 

107.  CHANNEL  BANK  REtTirMENTS  WORK.-  The  banks  of  the  Trinity  River 
downstream  of  the  Livingston  dams  are  composed  of  alluvium  sands,  slits, 
and  clays  or  mixtures  of  these  materials.  The  portions  of  the  river  to 
be  traversed  by  the  multiple  purpose  ciiannel  between  channel  miles  3''- 5 
and  46.0,  and  from  channel  mile  60  to  the  Livingston  dam  have  not 
materially  s lifted  or  changed  its  meandering  course.  Between  channel 
miles  46.0  and  60,  the  river  has  made  numerous  .natural  cut-offs  and  has 
moderately  shifted  ixs  position  by  erosion  of  the  banks  within  a narrow 
width  of  the  flood  plain  area,  as  inalcated  on  plate  4 on  page  43. 

Tide  water  er.tends  up  the  Trinity  River  to  Liberty  thence  the  low  water 
slope  averages  about  0.66  foot  per  mile  for  a distance  of  55  miles  to 
Rornayor.  Flooding  of  the  lowlands  occurs  with  flows  of  40,000 
second-feet  at  Roraaycr,  20,000  second-feet  at  L berty  and  about  10,000 
second-feet  iit  mile  35- 5*  The  banks  of  the  river  at  Rornayor  are  about 
35  feet  above  low  water  stage,  about  22  feet  at  Liberty  and  about  6 feet 
at  mile  35- 5-  The  proposed  multiple  purpose  channel  would  eliminate  about 
40  miles  of  river  channel,  and  provides  for  the  construction  of  lock  and 
dams  Nos.  2,  3 and  4 in  the  reach  between  mile  46  and  BO.  These  structures 
would  create  navigation  pools  and  change  the  river  flows  In  the  reach  of 
river  under  consideration. 

103.  The  plan  of  improvement  proposed  t.hat  the  multiple  purpose 
channel  be  located  along  the  general  course  of  the  meandering  river  and 
that  river  diversion  lams  be  provided  at  the  upper  ends  of  Lh“  crop  sed 
river  cut-offs  to  confine  the  flows  within  the  proposed  channel,  me 
pla.n  proposes  that  the  charmel  c'irves  nave  a minimum  radius  of  2,500 
feet.  The  proposed  channel  would  nave  bottom  widths  of  250  feet  frcm 
Just  upstream  of  lock  and  dam  No.  2 to  ch.annel  mile  thence  200 

feet  to  mile  74.65,  thence  I50  feet  upstream  of  lock  and  dam  No.  4, 
with  bottom  gradient  of  about  1.55  feet  per  mile  for  a distance  of 
27.4  miles  between  locks  Nos.  2 and  4. 

109.  The  multiple  pui*pose  cnannel  in  this  reach  is  designed  to  pass 
a regulated  discharge  of  35,000  second -feet  with  an  additional  capacity 
of  10,000  second-feet  for  flood  flows  from  the  uncontrolled  area  below 
the  Tennessee  Colony  reservoir.  Information  concerning  the  mean  channel 
velocities  for  various  flows  estimated  to  occur  at  the  Rornayor  gage 
and  throughout  the  multiple  purpose  channel  downstreaim  thereof  is  given 
in  the  followl  ng  tabulatl on : 


Channel  discliarges 
(second  feet) 

: Occurrence 
: (percent)(l) 

: Mean  channel  velocity 
: in  feet  per  second 

45,000 

0,2 

5.86 

35,000 

2.7 

^.55 

25,000 

4.3 

3.37 

20,000 

5-7 

2.&1 

10,000 

11.0 

1.32 

(1)  Percent  of  time  discliarge  is  equalled  or  exceeded. 


110.  Ttie  mean  channel  velocities  shown  for  various  channel  discharges 
indicate  that  eroding  of  the  channel  banks  would  probably  occur  where  the 
banks  an-  composed  of  sands  and  or  sandy  clay  materials.  It  is  apparent 
from  the  foregoing  that  some  type  of  bank  revetment  works  would  be  required 
in  the  reach  of  c'lannel  under  consideration.  Sodding  and  seeding  of  the 
banks  aoove  normal  pool  elevation  would  probably  suffice  to  prevent  erosion 
of  the  upper  portion  of  the  banks  which  would  not  be  subject  to  frequent 
inundation.  Whereas,  some  type  of  permanent  revetment  would  probably  be 
required  extending  from  a few  feet  above  normal  pool  elevations  to  the 
bottom  of  the  channel. 

111.  Based  on  available  data,  it  is  proposed  that  the  outside  banks 
of  the  shaip>er  curves  and  short  lengths  of  tangent  bank  on  each  side, 
located  between  channel  mile  45  and  tie  protected  with  24-inch  thick- 
ness of  quarry-run  stone  ranging  from  one-half  inch  to  200  pound  stone 
extending  from  two  feet  above  normal  pool  elevation  to  bottom  gradient  of 
proposed  channel.  Tlie  channel  from  mile  45  to  lock  and  dam  No.  2 traverses 
a reach  of  the  river  that  is  now  actively  eroding  the  river  banks  in  this 
reach.  Extensive  bank  revetment  works  in  this  reach  are  proposed  extending 
for  a distance  of  about  a mile  below  lock  and  dam  No.  2.  Plates  3 and  4 on 
pages  42  and  43  show  the  locations  of  the  proposed  bank  re’/etment  works. 
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112.  NAVIGATION  POOLS  ^jA  and  lOA.-  The  plan  of  improvement  for  the 
multiple  purpose  channel  to  Fort  Worth  provides  for  navigation  pools  5A 
and  lOA  to  be  elevated  above  natural  ground  by  means  of  levees  extending 
between  locks  Nos.  5A  and  5B,  and  lOA  and  lOB,  in  order  to  provide  for 
navigation  through  the  Livingston  and  Tennessee  Colony  reservoirs  when 
conservation  storage  in  these  reservoirs  is  fully  depleted. 

113.  The  plan  provides  for  navigation  pool  5A  to  be  located  in  a 
land  cut  channel  extending  between  lock  No.  5A  located  about  63OO  feet 
below  lock  No.  5B  which  would  be  located  in  the  Livingston  Dam,  generally 
as  shown  on  plate  I6.  The  levee  would  have  a top  elevation  of  110  and  be 
constructed  of  channel  spoil  material.  In  conjunction  with  the  high  hills 
on  the  opposite  side  of  the  channel,  the  levee  would  create  a small 
reservoir  providing  a minimum  navigation  pool  elevation  of  101.0  and  a 
maximum  elevation  of  IO3.O.  Storage  between  these  elevations  would 
provide  a water  supply  for  adverse  lock  operation  that  may  occur  at  lock 
No.  5A.  When  conservation  storage  in  Livingston  Reservoir  is  depleted  to 
below  elevation  IO3.O,  the  gates  in  lock  5B  would  remain  open  and  barge 
tows  would  be  able  to  traverse  pools  5A  and  5B  without  operation  of  lock 
No.  5B. 


Il4.  The  plan  provides  for  navigation  pool  No.  lOA  extending  between 
locks  No.  lOA  and  lOB  to  be  contained  within  a leveed  reservoir  area  as 
shown  on  plate  17-  The  reservoir  would  be  about  1100  feet  wide  and  2600 
feet  long  providing  storage  to  a minimum  navigation  elevation  of  235*0  and 
a maximum  elevation  of  237*0.  Storage  between  these  elevations  would 
provide  a water  supply  for  adverse  lock  operation  that  may  occur  at  lock 
No.  lOA.  When  conservation  storage  is  depleted  to  and  below  elevation 
237*0,  the  gates  in  Lock  No.  lOB  would  remain  open  and  barge  tows  would 
be  able  to  traverse  pool  No.  lOA  and  lOB  without  operation  of  lock  No.  lOB. 
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115-  BRIDGES,  HIGHWAYS  AI!D  RAILI«)AD:; . - I'lic  pi’n  ol'  iuyrovc-LienL  for 
the  n\ilLiple  purpose  channel  proposes  thuL  all  ui-iiif.es  over  the  proposed 
cliannei  provide  a minimum  vertical  clearance  of  >0  feet  aaove  the  water 
surface  elevation  of  the  two  percent  regulated  flood  discharge;  that  all 
bridges  over  the  channel  below  Dallas  provide  a minimum  horizontal  clearance 
of  250  feet  between  bridge  fenders,  and  that  all  bridges  over  the  channel 
above  Dallas  provide  a clearance  of  22 feet  between  bridge  fenders.  The 
plan  also  proposes  that  all  bridges  extending  across  floodways  adjoining 
the  channel  bridges  provide  a minimum  vertical  clearance  of  four  feet 
above  the  design  water  surface  elevation  of  the  floodway. 

llo.  High-level  fixed  bridges  consisting  of  a three  span  continuous 
plate  girder  unit  over  the  charu;el  with  prestressed  concrete  oeam  approach 
spans  and  earth  embankme^nt  approaches  are  proposed  for  all  higiiways  crossing 
the  proposea  channel.  Vertical  lift  bridges  are  proposed  for  all  railroad 
crossings  of  the  proposed  channel.  Table  I9  lists  the  existing  bridges  o.'er 
the  multiple  purpose  channel  and  shows  whether  mcxli fication  of  the  existing 
bridge  or  construction  of  a new  bridge  is  proposed.  Plate  18  shows  tne 
general  design  features  of  the  proposed  highway  and  railroad  bridges. 

117-  UTILITY  RELOCATIONS.-  The  multiple  purpose  charuiel  would  require 
the  relocation  of  the  following  utilities,  one  hundred  and  eleven  pipelines 
of  various  sizes,  from  a minimum  of  three-inch  gathering  lines  to  v iiiaximum 
of  3U-inch. througfi , oruuklines  which  transport  crude  oil,  gas,  gasoline, 
and  other  petroleum  products;  31  electric  power  transmission  lines  of 
various  capacity  from  a minimum  of  2.k  kilovolts  to  a maximum  of  I38  kilovolts 
17  communication  line  crossings  of  various  size  from  a 2-wire  aerial  crossing 
to  a maximum  of  9"Cable  aerial  crossing;  o water  lines  of  various  size  from 
a minimum  of  2k  inches  to  a maximum  of  72  inches;  and  o sewer  lines  of  various 
size  from  a minimum  of  Id  'nches  to  a maximum  of  84  inches. 

118.  PUBLIC-USE  AREAS.-  The  plan  of  improvement  for  the  multiple 
purpose  channel  provides  for  the  development  of  31  separate  public-use 
areas  to  be  located  adjacent  to  the  project  channel  between  Smith  Pcin: 
on  Galveston  Bay  and  lock  and  dam  No.  21.  The  proposed  development  in.,  iudes 
21  50-acre  sites,  one  75-acre  site  and  9 125-acre  sites  with  necessary  access 
and  internal  roads,  requiring  a total  land  area  of  about  2‘300  acres. 

Appendix  V gives  further  information  concerning  the  development  of  the  pro- 
posed public-use  areas.  Cost  of  facilities  to  be  provided  for  use  by  the 
general  public  are  included  in  appendix  VI. 
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TABLE  19 

SliMMARY  OF  BRIDGE  WORK  FOR  CHANNEL  TO  FORT  WORTH 
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8.46  Interstate  Highvay  45 (Northbound)  Modification  of  existing  bridge  over  channel  in  river 

’8.47  Interstate  Highway  45 (Southbound)  Modification  of  existing  bridge  over  channel  in  river 
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SUl'IMARY  OF  BRIDGE  WORK  FOR  CHA.'IHEL  TO  FORT  WORTH 
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119.  lock  location  considerations.-  The  proposed  location  of  locks 
and  dams  on  the  multiple  purpose  Trinity  River  Channel  below  Dallas  were 
determined  largely  by  the  location  of  four  proposed  large  reservoirs  on  the 
main  river  and  the  desirability  of  locating  the  lock  and  dam  structures 
upstream  of  the  mouth  of  large  tributaries  and  on  stable  reaches  of  the 
river  wherever  feasible.  In  addition,  consideration  was  given  to  the 
selection  of  the  least  number  of  locks  and  dams  to  overcome  the  fall  of 
the  river  with  normal  navigation  pools  established  at  least  four  feet 
below  the  top  of  bank  at  the  proposed  lock  sites  to  prevent  water  logging 
of  the  lands  adjacent  to  the  lock  and  dam  sites.  Also,  lock  lifts  were 
limited  to  a maximum  of  30  feet  to  prevent  deep  entrenchment  of  the 
navigation  channel  below  the  river  bed  and  excessive  loading  of  the 
foundation  materials. 

120.  At  and  upstream  of  Dallas,  the  lock  and  dam  sites  were  selected 
generally  by  the  requirement  to  provide  normal  navigation  pool  elevations 
whereby  storage  of  water  in  the  pools  would  not  interfere  or  seriously 
affect  the  operation  of  sewage  disposal  plants  located  along  the  river 
banks  and  the  storm  sewers  at  Dallas  which  now  discharge  into  the 
Trinity  River.  Consideration  was  also  given  to  the  sites  being  upstream 
of  the  mouth  of  large  tributaries  and  that  the  normal  navigation  pools 

be  established  about  four  feet  below  the  top  of  banks.  The  sewage  disposal 
plants  and  storm  severs  are  located  with  reference  to  channel  mile  as 
follows : 


a.  White  Rock  sewage  disposal  plant  at  Dallas,  mile  329*^ 

b.  Gravity  and  pressure  type  storm  sewers,  totaling  10 
separate  installations  through  the  Dallas  floodway  levees  between  miles 
331.9  and  336.4. 

c.  Trinity  River  Authority  plant  at  Grand  Prairie,  mile  341.6. 

d.  Arlington  disposal  plant,  mile  346.?. 

e.  Amon  Carter  Airfield  plant,  mile  35L.O. 

f.  Fort  Worth  - Village  Creek  plant,  mile  357.8- 

g.  Fort  Worth  - Riverside  plant,  mile  367.8. 


121.  The  selected  lock  afid  djun  sites  were  based  on  available  data 
consisting  oi’  1912-1>  survey  data,  aerial  photographs  mde  in  November, 
1958,  and  foundation  investigations  limited  to  one  core  boring  at  the 
sites.  Alternate  site  studies  were  made  in  the  selection  of  several 
sites.  However,  based  on  available  data,  the  studies  were  non-conclusive 
as  to  the  better  sites.  The  location  of  the  lock  and  dam  sites  proposed 
for  the  multiple  purpose  channel  to  Fort  Worth,  Texas,  are  of  preliminary 
selection  only  for  the  purpose  of  this  report. 

122.  The  four  reservoir  improvements  were  considered  in  the  planning 
of  a canalized  multiple  purpose  Trinity  River  channel  to  Fort  Worth,  Texas, 
are  as  follows : 


a.  The  multiple  purp'ose  Wallisville  reservoir  with  dam  at 
ri'/er  mile  3-9  providing  consen'ation  storage  between  elevation  1.0 
and  1.0,  recomrwinded  for  Federal  adoption  by  the  Acting  Chief  of  Fngincers 
urider  date  of  I8  April  I96I  (House  Doc’ument  No.  215,  87th  Congress,  1st 
Session) , 


b.  The  proposed  Lake  liberty  reservoir  (Capers  Ridge  site) 
with  dam  at  river  mile  63  for  water  conservation  purposes  between  elevation 
70  and  50  feet,  included  in  the  Trinity  River  Authority  of  Texas  long-range 
plan  of  development. 

c.  The  proposed  Lake  Livingston  reservoir  with  dam  located 
at  river  mile  129.2  for  water  conservation  purposes  between  elevation 
131.0  and  101.0,  now  in  preconstruction  stage  of  development  jointly  by 
the  city  of  Houston,  Texas,  ajid  the  Trinity  River  Authority  of  Texas. 

d.  The  proposed  multiple  purpose  Tennessee  Colony  reservoir 
with  dam  at  river  mile  339*2  providing  for  conservation  storage  between 
elevation  262.5  and  235  and  flood  storage  between  elevation  285  and 
262.5  under  in'restigation  in  connection  with  this  report. 

123.  The  reservoir  uams  would  impound  extensive  water  areas  within 
the  Trinity  River  valley  and  extend  up  the  natural  Trinity  River  channel 
for  considerable  distances  under  full  conservation  storage  conditions. 

The  extent  of  storage  in  the  river  channel  is  of  considerable  importance 
in  determining  the  location  of  locks  and  iams  in  order  that  the  loss  of 
such  storage  may  be  reduced  to  a minimum  compatible  with  the  economic 
location  of  the  locks  and  dams.  Information  concerning  the  reach  of 
river  channel  affected  by  the  proposed  resej*voirs  is  given  in  the 
following  tabulation: 


Narie  ol  reservoir 


Name  of  reservoir 

. Elevation  of 
: ccnse.>-vation  pool 
Me.  y.  i ip.'mi  • rfl  r 1 m 0." 

■ Ox-a 
. Site 

Upstream  ; 
Linn 

V River  Kile) 
Ungnh 

Wall.isvilie 

4.0 

1 f , 

-3,0 

44 

Lake  Liberiy  (1) 

65.0 

16.0 

6:  ,C 

1 '9 , 0 

66 

Livingston 

13i.<C 

101  • 0 

129 .2 

c *31.0 

122 

Tennessee  Colony 

262.5 

235.  C 

412.0 

73 

Teruiessee  Colony 

285, o;2 

) 262.5 

330.2 

94 

tn  LiTEited  by  the  Livingstr-n  ireeervoir  dan. 
{2}  Proposed  flood  ccritrol  storage., 


124,  hock  ar.d  No,  2 at  chanr,ei  nuio  47.^5  vould  &e  located  in  the 
upper  reach  of  the  Wallisville  reser'--oir  contained  tr  the  Tr:nity  River 
chair.el  at  about  river  mile  4o,  and  wc.u2d  exclude  about  4do  acre-feet  of 
storage  in  the  upper  elgnt  nu-les  of  the  reser'/oir  within  the  river  banks. 
However,  the  loss  oi  sucn  storage  would  not  seriously  affect  or  reduce 
the  yield  from  the  Wallisviii.e  reservoir  having  a c or.se r -nation  storage 
of  4fL',6»l  acre-feet  between  eIe’/atior>s  h,C  and  J,f  above  iiear  sea  level. 

125*  lock  and  dam  No-  3»  at  cr^annel  rule  59-03,  a'ooit  ore  mile  below 
the  proposed  Lar.e  Liberty  reser'^olr  (Capers  Ridge)  dan  sits  at  river 
mile  63,  would  iiave  no  effect  on  the  proposed  I.ace  liberty  reservoir. 

However,  in  the  event  that  the  reservoir  is  cor.stri:cTed  at  a future  date, 
lock  and  dam  No,  3 would  serve  in  conjunction  with  the  l_ock  in  the 
reservoir  dam  to  overcome  a total  lift  of  s-7  feet, 

126.  Lock  and  dan  Nc.  4,  at  clianncl  mile  74. would  probably'  re- 
quire alteration  if  the  Lake  Libarty  reservoir  were  placed  in  operation 
with  conservation  storage  to  elevation  63, 

127.  Lock  Nos.  5A  and  5B,  at  channel  nile  98*^4)  and  99 <20. respectively, 
are  proposed  as  separate  structures  to  overcome  a total  lift  of  7^-  feet 

at  the  Livingston  reservoir  dam  from  a lower  pool  elevaticn  60,0  to 
maximum  conser'/ation  pool  elevation  131,0,  These  locks  aiso  would 
provide  for  navigation  through  the  i-eservoir  when  conservation  storage 
would  be  fully  depleted  so  elevation  101.  The  separate  lock,  str’uctures 
are  proposed  in  lieu  of  adJolni.ig  tandem  locks  in  order  to  reduce  delays 
to  riavigation.  A navigation  cliannei,  12  feet  deep  and  IpO  feet  wide 
below  elevation  101.0  with  a iengt-h  of  6,000  feet  wouad  be  provided 
between  the  lock  scr’ictuxes.  barge  tows  would  be  able  to  pass  each  other 
in  this  reach  of  channel  and  sizigle  .lockages  wculd  bi'-  rzade  at  locks  5A 
and  3B. 


128.  Lock  and  dam  Nc.  6,  at  char,.nel  mile  147.92  would  be  loc.ated 
in  the  upper  reach  of  the  Livingston  reservoj.r  contained  within  the 
Trinity  River  channel  above  river  mile  200.  Lock  and  lam  No.  6 would 
affect  51  miles  of  the  upper  reservoir  in  the  Trinity  River  estimated 
to  contain  about  l6,600  acre-feet.  This  loss  would  be  pai*tly  overcome 
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by  additional  otorat^.-  esi-.iraated  et  t>000  aero  i’^:et  to  be  provided  in  the 
reservoir  by  construeti on  of  the  navigation  channel  12  feet  deep  and  I50 
feet  vide  be'.-^w  elevation  101.0  in  river  cut-off  alignments  and  enlarge- 
ment of  the  r*ver  section  belov  lock  and  dam  Wo.  6.  The  total  volume 
of  the  Livingston  consem^atiou  pool  between  elevation  131.0  and  101.0 
is  tentatively  estimated  at  ,000  acre-feet.  The  above  data 

indicates  that  lock  and  dam  No.  5 would  reduce  the  conservation  storage 
in  the  Livinp.ston  reser’/'cir  by  about  six-terths  percent  when  the 
reservoir  is  full  to  elevation  131.0.  In  view  of  the  foregoing,  it 
is  considered  that  lock  and  flsm  Tio.  6 at  its  proposed  location  would 
not  material.ly  affect  the  conservation  storage  in  the  Livingston 
reservoir, 

129.  Lock  Nos.  ICA  and  LOB,  at  channel  mile  233-0  a^d  233-61, 
respectively,  are  proposed  as  separate  structures  to  overcome  a total 
lift  of  75  feet  at  the  Tennessee  Colony  resen^oir  dam  from  a lower  pool 
ele'/ation  210.0  to  maximum  flood  control  storage,  elev&.tion  2d5-0. 

These  locks  a..so  would  provide  for  navigation  through  the  -reservoir 
when  conservasiun  storage  would  be  fully  depleted  to  elevation  235-0. 
Separate  lock  .structures  are  proposed  in  aieu  ui  adjoiiiing  tandem  locks 
in  order  to  reduce  delays  to  nftvigation.  A iia ligation  channel,  12  feet 
deep  and  I50  feet  wide  below  e.levatlon  235-0  with  a length  of  about  3200 
feet  would  be  provided  between  the  lock  str’j.ctures.  3arg<?  tows  would  be 
able  to  pass  each  other  in  this  reach  of  channel  emu  single  lockages  would 
be  made  at  locks  lOA  and  103. 

130.  Lock  and  dami  No,  11  at  channel  mile  would  be  located 

within  the  Tennessee  Colony  ■'pservoir  Just  'rcstream  of  the  mouth  of 
Cebar  Creek  a.nd  upstream  of  the  land  ajmas  tt  be  iniuslated  by  tiie 
conseiV'ation  pc>ol  at  e.levaiion  2<')2.5-  Dazn  No,  11  would  consist  of 

an  overflow  spillway  structure  with  crest  at  eLevatrevn  275-0  extending 
from  the  lock  structure  across  the  valley  lands  for  a distance  of 
5700  feet,  and  would  be  inundated  when  fxood  storage  t.xceeded  elevation 
275-0.  Na.vigB.t-on  wouli  .pass  throug.h  lock  No.  11  during  ail  flood 
storage  conditions  above  eleTOt-o.”  262.5-  The  proposed  location  of 
lock  and  dam  No,  11  was  considered  in  df-temuaing  the  conserv'ation 
storage  requirements  for  the  Te’^nessee  Coio.ny  re.^er^.-oir- 

131.  Lock  and  dam  No.  12,  at  ciiannel  mile  2'/'i.51  would  be  located 
in  the  upxjer  reaches  of  land  areas  to  be  inuntiated  by  maximiua  flood 
storage  in  the  Te.fir.essee  Cclon,v  re-ser-voir  at  elevation  285.0.  These 
structures  would  not  be  inundated  with  maximum  flood  storage  in  the 
reservoir,  and  woiuid  exclude  flood  storage  in  the  adjoining  upstream 
roach  of  tnc-  river.  The  propo.sed  location,  of  loc.k  and  dam  No.  12 

was  considered  in  determining  the  flood  storage  requirements  of  the 
Tennessee  Colony  reservoir. 

132.  The  proposed  locations  of  the  locks  and  dams  upstream  of 
lock  and  dam  No.  12  were  selected  to  prevent  excessi’/e  backwater 
flooding  of  the  tributaries  and  interference  with  the  .sewage  disposal 
plants  and  to  provide  an  adequate  water  surface  elevation  to  serve  the 
needs  of  the  Dai'uis  and  Fort  Worth  turning  basins. 
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133.  PROPOSED  SYSTEM  OF  LOCKS.-  The  plan  of  improvement  for 
canalization  of  the  multiple  purpose  channel  to  Fort  Worth  proposes 
a system  of  23  locks,  17  movable  dams  and  one  non-navigable  overflow 
spillway  dam  to  serve  in  conjunction  with  the  Wallisville,  Livingston 
and  Tennessee  Colony  Resein/^oir  Dorns  to  overcome  a total  river  fall  of 
480  feet,  maintain  normal  elevations  of  the  navigation  pools  and  pro- 
vide for  passage  of  channel  flows  equal  to  or  less  than  bankfull 
stage  Including  floating  debris  and  other  drift.  The  system  of  locks 
includes  19  locks  having  clear  basin  dimensions  of  84  feet  wide  by 
600  feet  long  on  the  channel  below  Dallas  and  four  locks,  56  feet 
wide  by  400  feet  long,  on  the  channel  at  and  upstream  of  Dallas . 

A plan  and  profile  of  the  proposed  system  of  locks  and  dams  is 
shown  on  plate  I9. 

134.  LOCK  SIZE  FORMULATION  STUDY.-  The  lock  sizes  proposed  for 
navigation  to  Fort  Worth  were  determined  by  a lock-size  formulation 
study  summarized  in  the  following  paragraphs.  The  study  gives  consi- 
deration to  several  prescribed  standard  lock  sizes  listed  in  engineering 
manxial  1110-2-2603,  dated  October  23,  1957,  the  size  of  barges  and 
makeup  of  the  standard  barge  tows  that  were  assumed  to  be  used  in 
transporting  the  prospective  commerce  tonnage  on  the  channel  to 

Fort  Worth,  the  water  demand  required  for  operation  of  the  locks 
under  consideration,  the  lockage  time  required  for  passage  of  a 
standard  barge  tow  through  the  locks  and  the  costs  of  the  several  locks . 

135.  The  size  of  barges  and  makeup  of  barge  tows  considered  in  the 
lock  size  study  are  assumed  to  be  the  same  as  considered  in  channel- 
size  formulation  study  for  a single  purpose  navigation  channel  to  Fort 
Worth  presented  in  appendix  I.  The  size  of  channel  found  most  feasible 
for  navigation  to  Fort  Worth  by  comparison  of  costs  and  benefits  of 
four  p2ans  of  channel  improvement  was  based  on  the  following  assumptions : 


a.  Two  sizes  of  barges  would  be  required  for  the  prospective 
commerce  movement  on  the  channel.  Barges  26  feet  wide  by  175  feet 
long  would  be  used  for  sand,  gravel  and  stone  commerce,  and  barges 
35  feet  wide  by  195  feet  long  would  be  used  for  all  other  commerce 
movement . 


, b.  On  the  channel  below  Dallas,  all  commerce  would  move  in 

three -barge  tows,  in  tandem,  except  the  upbound  movement  of  sand  and 
I gravel  commerce  originating  below  Dallas,  which  would  move  in  two- 

' barge  tows,  in  tandem,  to  Dallas  and  Fort  Worth.  On  the  channel  above 

Dallas,  all  commerce  would  move  in  two-barge  tows  in  tandem. 

c.  A uniform  lockage  time  of  60  minutes  including  towboat 
setover  was  assumed  for  all  three -barge  tows  on  the  channel  below 
Dallas.  Lockag»>  time  of  45  minutes  was  assumed  for  the  upbound  two- 
barge  tows  of  sand  and  gravel  below  Dallas.  On  the  channel  above 
Dallas  a uniform  lockage  time  of  45  minutes  was  assumed  for  all  tows. 
Lockage  time  is  measured  from  full  approach  speed  prior  to  lockage 
to  resumption  of  full  speed  after  lockage. 
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d.  Towboats  of  800-horsepower  were  assumed  for  three-barge 
tows  of  commerce  movement  on  the  channel  below  Dallas  excepting  the 
sand,  gravel  and  stone  commerce  movement  in  three-barge  tows  which 
would  require  faOO-horsepower  towboats.  Towboats  of  400-horsepower  were 
assumed  for  the  two-barge  tows  of  upbound  sand  and  gravel  commerce  move- 
ment below  Dallas  and  for  all  commerce  movement  between  Dallas  and  Fort 
Worth. 


136.  Based  on  the  foregoing  assumptions,  the  makeup  of  standard 
barge  tows  on  the  channel  below  Dallas  would  be  as  follows: 

a.  Three-barge  tows  consisting  of  three  barges,  each  195  feet 
long  by  35  feet  wide,  with  towboat  all  arranged  in  tandem  formation  for 
all  commerce  except  sand,  gi’avel  and  stone. 

b.  Three-barge  tows  for  sand,  gravel  and  stone  coinmerce  con- 
sisting of  three  barges,  each  175  feet  long  by  26  feet  wide,  with  towboat 
all  arranged  in  tandem  formation, 

c.  Two-barge  tows  for  sand  and  gravel  commerce  originating 
below  Dallas  consisting  of  two  barges,  each  175  feet  long  by  2b  feet 
wide,  with  towboat  all  arranged  in  tandem  formation. 

137-  On  the  channel  between  Dallas  and  Fort  Wort.h,  the  standard 
barge  tows  would  be  as  follows : 

a.  'Two-barge  tows  for  sand  and  gravel  commerce  consisting 
of  two  barges,  each  175  feet  long  bi/  26  feet  wide,  with  towboat  all 
arranged  in  tandem  formation. 

b.  'Two-barge  tows  for  all  commerce  other  than  sand  and  gravel 
consisting  of  two  barges,  each  195  feet  long  and  35  feet  wide,  with  tow- 
boat all  arranged  in  tandem  formation. 

138.  'The  standard  lock  sizes  considered  for  cane.lization  of  the 
ciiannel  below  Dal'Las  included  locks  liaving  clear  dimension  as  follows: 
56x400,  58x600,  34x600  and  84x000. 

139-  Iimjstigation  of  pertinent  data  concerning  towboats  o^xirating 
on  the  Gulf  Intracoastal  Vfaterway  in  the  Galveston  District  listed  in 
Transportation  Series  4,  dated  1961)  reveals  that  towboats  of  300  horse- 
power generally  have  beam  widths  of  22  to  24  feet  and  truvt  towboats  of 
600  to  400  horsepower  have  beam  widths  of  I8  to  l4  feet.  'The  standard 
three-barge  tows  assumed  for  commerce  movement  other  than  sand,  gravel 
and  stone  on  the  channel  below  Di'llas  would  be  moved  by  towboats  of 
800  horsepower.  It  is  considered  tiiat  for  economy  of  barge  tow  opera- 
tion, the  standard  three  barge  tow  should  be  handled  in  one  lockage 
operation  instead  of  double  lockage  opei'ations.  Assembling  the  suandard 
barge  in  the  lock  with  the  three  barges  in  tandem  and  the  towboat  set 
over  adjacent  to  the  rear  barge,  the  assembled  tow  would  he.ve  a total 
length  of  585  feet  and  a width  of  57  to  59  feet  depending  on  the  beam 
width  of  the  towboat. 
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l40.  Accoriv-viy^  orJy  the  (>(><*.  X'-t'c.ot  IncK  the  8h-^^00-foot 
lock  would  prc'^id'S  for  rir.fe%.e  Iccka?;^  v"^f  the  three  barge  tow. 

The  larger  lock  wo’jIc  acccrKocc te  the  etardard  three-barge  tow  without 
loss  of  time  requires  for  setovsr  of  +he  to'vtoat  as  would  be  required 
for  the  600-foct  lorg  leer.  Icvever,  the  3-i-x  80.;-foot  lock  would  re- 
quire about  33  percent  T>ore  water  for  lockage  than  tiie  Si-'-x'  60C-foot 
lock.  Accordingly,  the  t'di  • 600-ioct  lock  was  uelected  to  be  the  most 
feasible  size  of  lock  for  fia>/igattor.  or-  the  chan.nel  below  Dalj,as. 

l^^l.  The  iKjcim>xt  size  tf  barge  tow  or.  th.e  chan;iel  at  and  a.'c>ove  Dallas 
would  consist  of  t wc.  bargee  19r  feet  long  by  35  feet  pow.red  by  a 

towboat  of  4'X  horsep.ov-.r  h.e.wtr.g  a beam  v:dtn  of  iP  to  l4  f>?ot.  A lock 
having  basin,  dimer.slons  of  f>X-foot  w.-.ild  e/r commodate  the  barge 

tow  assembled  in  tandeTn  f orTta ! on , wV-,e.rea  = , '.hp  y6-  >.  40u-foot  lock  would 
require  the  tcvboat  to  l-p  set  river  adjacent  to  ';>.e  laat  barge  .for  single 
lockage  operation.  Ir'vest' gr  t..;  r.  reveels  that  maxlmL’n  prospeefive  com- 
merce tonnage  movervint  on  cbe  cn?;ta'-'.i  could  be  kancLled  by  the  56-x  400-foot 
lock  at  less  than  9'C  C'CT’i.-jnt  of  the  yeoily  lock  operation  tirce  of  365  days. 
Furthermore,  the  36-x  ‘j'X-f.'>ot  loo.e  vc'uli  use  about  bO  percent  less  water 
for  lockage  purposes.  It  ii  conside-^pd  then  the  86-  x WV',_t7ooI  lock  should 
be  pi’ovldei  to  ser’ve  the  neers  c.f  r.avi gat  10.1  on  the  channel  above  Dallas. 

142.  CAPABILITY  0?  i'-KOIolTJf  LOCK  bYDIEM.  - system  of  locks 

proposed  for  the  canalization  of  th'-  multiple  o>jrp*.''se  -rrlnity  River 
channel  to  Fort  »^orth  conslcts  c.t  10  34~x  fiOC'-foot  locks  below  Dallas 
and  four  56-x  40C-f'.'->>t  locks  or-tveen  Dallas  and  the  Tort  Worth  tenninus. 
Analyses  of  the  o~  tht  lock  r/sc-:.r.  tc  hat.c.l.^  t-K  eros^iective 

commerce  tonjcago  mr/V^ne.f.  O';  the  cCwpo  jei  •.•..Tjomel  to  Fort  verth  were 
made  to  de  temutne : 

a.  Tlif*  r-iaxlm-ur.  <uiK'>x'.t  ~.f  projeot'jd  ociTiirrct-  tonnage  movement 

in  staxidari  barg'-  tovr  cTild.  bo  han.lled  by  the  lochi  and  the  year 

of  such  ievelocmen  . for  the  ,ur  >';S  :*  of  dr  ter  mining  the  savlrigs  Jn  trans- 
portation costs  cr<^citabln  to  th«  m:lt'.ole  -.lurpofie  channel. 

b.  iiiC  ca-oabiilty  of  the  loc  - •^yst-'n  to  prcv.lte  for  prosjtective 
movement  of  miscrOl.meo' u;  c'r..'iri!.j:.tiai  cr'../t,  wo, .tit  boats,  floi.tlng  e quip- 
ment,  cabin  cruisers  i'.n.d  ,,to»r  r ?or  et  ,t  i<‘>nal  craft,  roiviring  dockage  in 
addition  to  the  c-omnier(..'.a.,  '.•u*g'-'  tcv  w.V'  i.tf'n*  .:  •t,hrcugh  t>ie  Iocks. 

c.  liie  tetai  ->f  iockege.-  r'.iulrei  to  .move  t.be  projected 

commerce  tons/agp  througl.  •‘uth  lock  of  th<-  .syi’ti-.m  to  provide  a basis  for 
estimating  the  wa.te.'  duma-jb  for  opT..ti  .1*’  i.rivlgj.tion  at  each  lock 

per  year. 

143.  BAiklC  Pjuv.y ises  of  the.  tonnage  capability 

of  the  lock  system  a'm-  basvi  or  ttie  estiTi:toi  of  'IJ'^O  prospective 
commerce  to.nr^age  accepted  fc:r  i.bo  chan-ieu  to  Fcrt  Wort,*'.,  as  set  forth 

in  table  27,  pa.co.gr a ,Ji  fOt  cf  tin’s  apsvndi-j.  T*ic  tcl'l  (1958)  prospective 
commerce  is  estlnuh.rt’  .at  b, 1 icr.->,  cf  wir.c.h  ',39 3, ’''5)  tons  would 


be  upbound  commerce  and  h ,^2J ,32(  tons  would  be  downbound  commerce. 

The  prospective  (1958)  upbound  and  downbound  commerce  tonnages  con- 
signed to  or  originating  at  various  proposed  ports  along  the  channel 
to  Fort  Vtorth  are  given  in  table  20-  A graphic  presentation  of  prospec- 
tive (1958)  commerce  tonnage  movement  on  the  channel  to  Fort  Worth  is 
shown  on  the  traffic  density  chart,  figure  4,  which  also  shows  the 
tonnage  passing  each  lock.  The  chart  also  shows  tonnage  curves  of  the 
projected  commerce  movement  on  the  channel  for  the  years  of  I988  and 
2020. 


IU4.  The  traffic  density  chart  shows  that  tonnage  movements  through 
locks  No.  3 ‘ind  I3  are  representative  of  the  maximum  lockage  require- 
ments in  the  lower  and  upper  section  of  the  lock  system  below  Dallas. 
Locks  No.  18  and  I9  would  handle  the  maximum  amount  of  tonnage  on  the 
channel  above  Dallas.  Lock  No.  19  is  located  on  the  West  Fork  where 
the  river  flows  are  considerably  less  than  at  lock  No.  I8  and  is  selected 
for  further  analysis  of  traffic  movement  between  Dallas  and  Fort  Worth. 
Locks  No.  5A,  5B,  and  lOA,  lOB  would  not  be  controlling  factors  in 
determining  the  capability  of  the  lock  system  because  these  locks  would 
be  located  separately  and  individually  operated  for  passage  of  barge 
tows . 


1L5.  BARGE  TO'.v’S  ,\ND  BARGE  LOADING.-  The  anal.yses  of  barge  tow 
transits  through  the  lock  system  to  transport  the  projected  tonnage  of 
each  commodity  group  are  based  on  the  same  assumptions  of  barge  tow 
characteristics  considered  in  determining  the  barge  rate  factors  used 
in  evaluating  the  savings  in  transportation  costs  credited  to  the  channel 
to  Fort  Worth,  as  given  in  paragraphs  208  to  219  of  this  appendix. 
determining  the  number  of  barge  tows  required  io  transport  each  com- 
modity group  tonnage,  it  was  considered  that  the  various  commodities 
would  be  transported  in  bargeloads  with  avereige  tonnage  as  follows: 


Commodity 

Size  of 

barge 

Average  barge 
load  tonnage 

Petroleum  products  (bulk  liquid) 

195 

X 

35 

1200 

Grains  and  products  (in  bulk) 

195 

X 

35 

1200 

Iron  and  steel  articles 

195 

X 

35 

700 

Sulfur,  ores  and  dry  chemicals 

195 

X 

35 

1200 

Scrap  iron  and  steel 

195 

X 

35 

700 

Commodities,  N.  0.  S. 

195 

X 

35 

665 

Liquid  chemicals  and  O.B.  liquids 

195 

X 

35 

1200 

Sand  and  gravel  and  stone 

175 

X 

26 

800 
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146.  PRO.JECT^.1?  CO^HEPCE  rCVNA,G£.-  A.-.3 lyses  of  the  prospective  (1958) 

conmerce  tonr.age  IccV.-*  3,  13  aod  19  reveals  that  the  apparent 

tonnage  capa&lllrf  tf  ■'-«se.  locli.a  la  ab>jt  15  Dillion  tons  per  year  cf 

365  day  lock  opera;  i.-'.  J.-  or  der  to  dete.rniine  the  year  when  such  tonnage 

would  become  available  at  theae  locks,  analyala  was  made,  of  the  tonnage  growth 
tieodj  for  ftve  tasi_  eton-:a.'.c  fattor.v  :tted  over  the  100->eat  life  of  the 
project  giver  i'  oa  ag-ipba  1A7  253  ;-t  this  ’■epcrt.  Table  2.1  shows  a 

sc-Tstaty  of  '-.he  projected  ct'nne.tce  con:  ate  i.o/etT'ert  through  locks  No.  3,  13 
and  19  the  io.lo>tng  yeire 

l^oc  • ra:-'-  » = =r  f • — ; ; : ’.e  tra'ict  ' • f f-.e  t*oo 

i960  - Econrodc  bast-^eir  t;r  pr''ectlon  purposes 

'°'C  - ft"?:  air  ' . '■<  :rr;att  ■,  *r  cetr-rrire 

i-‘-  remar.'  f : ot.e-;  - -.i.ura:; 

JPPS  * g - ..’1. 3 1 r . • i ' • - * **  t"  av  s*  mr.e*".,'*- 

r .'"17.'-.  •“'..i  f 

2020  - A/ S'.r  ed  50-year  pert  : co-e;i..  *r. 

2C)C  - AsS'Ured  IDC-yeii  pari  ri  ni  '.pe- itl-^n 

147.  A "tntjr'."<n  of  t’- a a;ri  ’ yr.'i  ^e.  aratitj  f Itr-.s  v--.  3, 

13  and  with  e.-i  a--,  » -;o‘ g.c  ■.ed.  "o;.. rages  :.s  lo.  the 

following  tJhv  .stt". , 


Year  of  orojett 
ts.nr.age 

: - r *. 

: Loc  '*'  N - , ; : 

“2  ■ -r.i.i,-, 

Lt'  ■ *«  N v • i3 

e- c.  3 7 

; L-V.  i9 

Apparent  lock  capa-it,. 

i4,8:-c'..:oc 

li,00C,0CC 

- -t  ^ yoo  j 000 

1960 

e, 00^,000 

".  Z Q 

1970 

occ 

f ,3:C,:C0 

198c 

;c, 6 82, coo 

a,.  ^-.»,C0C. 

4 , £40, 002 

2020 

:6,?8.'>,030 

2c,9c:i,:rc 

?,C39,CCC 

2070 

.52, 497,  coo 

55,.hHS,OCC 

22, 395, COO 

148.  The  d9,ta  in  r'le  abovs.  tebu-.a ‘.ton  sV.tw  that  t*’e  projected 
1988  toaiaerte  tonrage  covld  be  her..d\ec  by  all  of  the  loore  at  less 
than  100  perce.‘.t  1:;V  ;.eratt:'n  tlr.e  pa*  year.  Nc.  i9 

be  adequate  to  ha"  die  the  pi '■•J  acted  ?,020  commerce  tonnage  on  tr.e 
charnel  between  Dallas  and  fort  Worth,  but  looks  N-o.  3 ai.d  13  would 
not  be  adeqcate  to  hax.dle  the  projected  2C20  conaterce  tonnage  on 
the  channel  oelcw  Dallas,  based  or.  the  (1958/  oargelv.ed  t r.-.age» 
considered  in  deterust.'.l.eg  tha  apparent  torr.e.ge  ci:a;ity  oi  the  IccK-c. 
It  is  also  ccn.aidered  :het  none  of  th?  locks  would  be  able  to  hand  Is 
the  projected  2070  cjmme.-cfr  tt'.nace. 
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3UW1AKY  OF  PROJFXTTED  COMMERCE  TCNCu'iGE 
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i49«  maximum  projected  TONNAGi..-  In  order  to  determine  the  year  of 
maximum  tonnage  throu^  the  lock  system  further  Investigation  of  the  growth 
trend  data  reveals  that  the  projected  comerce  tonnage  for  the  year  201^ 
at  locks  Ho.  3 and  I3  would  amount  to  1^,009,000  md  I8, 406,000  tons, 
respectively.  Ix)ck  No.  3 would  handle  15,009,000  tons  of  projected  com- 
merce including  the  return  empty  bjjrpretows  at  about  93  percent  of  yearly 
lock  operating  time  on  the  basis  of  the  195£'  bargeload  tonnages.  How- 
ever, lock  No.  13  would  not  handle  uhe  l8,406,000  tons  including  return 
empty  barge  tows  on  the  195^-  basis  oi'  barge  lo<.xiings. 


150.  The  projected  (2015)  commerce  tonnage  through,  lock  No.  13  in- 
cludes 5,128,000  tons  of  upbound  sand  and  gravel  commerce,  3,205,000  - — H 

tons  of  upbound  iron  and  steel  articles,  3,312,000  tons  of  downbound 

iron  and  steel  scrap,  and  1,591,000  tons  of  conr.iodities  N.0.3.  of  -vdiich 

850.000  tons  would  be  upbound  and  741,000  tons  aownbound,  in  addition  ' -. 

to  other  commerce  tonnage  as  shown  in  table  22  It  is  considered  that 

the  waterway  operators  would  undertake  to  move  the  above  designated  lar/ge  ' '.Z 
tonnage  in  the  most  economical  and  practical  way.  Furthermore,  it  is 
' considered  that  the  commerce  tonm<;e  cotild  be  stockpiled  or  held  in  ^ 

storage  in  sufficient  quantity  to  assure  loadlnt;  of  the  barges  to  full  i'~  - 

capacity  without  undue  delay  in  transportation.  i TH 

151.  Die  upbound  seuid  and  gravel  commerce  'would  be  most  economlcall;/  C 
transported  In  the  larger  barges  (195'  x 35')  averaging  about  1200  tons  'TTD 
per  bargeload  in  lieu  of  transporting  such  commerce  in  the  smaller  barges 
(175'  X 26')  averaging  about  800  tons  per  bargeload.  It  is  further  con- 
sidered that  the  shlpnent  of  5,128,000  tons  of  sand  and  gravel  annually 
would  of  necessity  require  three  barge  tows  in  lieu  of  two  barge  tows 
below  Dallas.  Upatream  of  Dallas,  the  locks  would  limit  the  movement 
of  such  comaerce  to  two  barge  tows. 

152.  Die  availability  of  large  tonnage  of  iron  and  steel  articles, 
iron  and  steel  scrap  and  commodities,  N.O.S.,  would  assure  heavier  loading 
of  the  barges  without  delay.  Furthermore,  the  195'  x 35'  barges  have 
a rated  capacity  of  I5OO  tons  loaded  to  a draft  of  9 feet  and  1,100  tons 
loaded  to  a driift  of  7 feet  (plate  8,  EM  1110-2-2601).  It  is  considered 
that  the  waterway  operators  would  load  the  barges  to  full  capacity  when 
such  commerce  is  available  in  lieu  of  loading  to  7OO  tone  as  considered 
in  the  movement  of  the  1958  COTWierce.  However,  for  the  purpose  of  this 
analysis  it  is  considered  that,  the  commerce  would  be  moved  in  bargeloads 
averagtng  1000  tons. 

153.  CAPABILITf  OF  LOCK  SYSTEM.-  On  the  foregoing  basis  of  larger 
barge  tow  tonnage  movement  of  upbound  sand  euid  gravel,  and  the  all^tly 
heavier  barge  loadings  of  the  iron  and  steel  articles,  iron  and  steel 
scrap,  and  commodities,  N.O.S.,  the  projected  2015  conmerce  of 

18.400.000  tons  could  be  handled  by  lock  No.  I3  at  about  95  percent  of 
yearly  lock  operation  time.  Pertinent  infoimation  regarding  the  barge  tows 
required  for  transportation  of  the  2015  commerce  through  lock  No.  13  la 
givan  in  table  22.  Accordingly,  the  proposed  system  of  locks  for  the 
channel  to  Fort  Worth  would  handle  the  ccomerce  tonnage  projected  for  the 
year  2015  estimated  at  20,144,000  tons.  If  the  channel  were  terminated 
at  Dallas  the  projected  commerce  of  20,144,000  tons  would  be  developed 
in  the  year  2019 . 
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Grand  total  l8,408,CXD0 


15^.  The  foregoing  analysis  of  the  tcnrage  capacity  of  the  proposed 
lock  system  is  based  on  the  nssonption  that  the  projected  commerce 
tonnage  on  the  channel  belov  Dallas  vould  be  moved  in  standard  barge 
tows,  each  consisting  of  three  barges  195  fe^t  long  by  35  feet  wide. 

This  standard  barge  tow  was  used  only  as  a basis  for  estimating  the 
amount  of  tonnage  that  could  be  moved  through  the  lock  system.  It  is 
realized,  however,  that  the  water’-^ay  operators  would  move  the  commerce 
tonnage  in  the  most  economical  way  either  in  snaller  or  larger  barge 
tows  as  may  be  required  to  meet  t.oe  specific  needs  and  demands  for 
the  respective  commodities. 


155«  A two-barge  tow  roov'scent  througfj  the  locks  would  not  require 
towboats  setover  and  the  average  lockage  time  vould  be  about  45  minutes. 

A three  barge  tow  would  require  the  tijvbioat  to  be  setover  adjacent 
to  the  last  barge  and  the  average  lockage  time  would  be  about  6o 
minutes.  Accordingly,  the  average  lockage  time  per  barge  would  be  about 
20  minutes  for  either  the  two -barge  or  three -barge  tows  amd  approximately 
the  same  euaount  of  tonnage  wcul.d  te  moved  uhrcugh  the  locks  per  year 
by  either  the  two  or  three  barge  tows. 


15b.  larger  barge  tows  of  four  or  five  barges,  each  195  feet  long 
and  35  feet  wide,  could  be  accotomodstei  in  a single  lockage  through 
the  84-X600-foot  locks  below  iallas.  Ttie  barges  and  towboat  of  a 
five-barge  tow  could  be  assembled  two  abreast  and  three  in  tandem 
forming  a conqiact  unit  of  5^5  feet  long  and  JO  feet  wide  in  the  lock 
chamber.  Hie  average  lockage  time  for  the  transit  of  five-barge  tows 
would  be  slightly  longer  than  the  minutes  estimated  for  the  transit 
of  three-barge  tows.  Barge  cf  six  barges  or  more  would  require 

double  lockage  for  passage  through  the  locks.  In  view  of  the  fore- 
going it  is  considered  that  barge  t'^we  of  various  size  and  composition 
can  be  efficiently  handled  by  the  proposed  system  of  locks. 


r-m 


CO 


157-  Hie  Ifcregolng  analyses  lnd.ccate  that  in  about  the  forty-fifth  m 
year  of  project  operation  the  capacity  of  locks  15  through  17  would 
be  reached  and  at  that  time  consideration  would  have  to  be  given  to  r 
the  advisability  of  providing  additional  locks  or  the  enlargement  of  ^ 

the  presently  proposed  locks  in  order  to  handle  the  Increase  in  “O 

projected  commerce  tonnage  beyond  the  year  of  2015.  The  construction 
of  fluldltlonal  locks  appears  to  be  the  most  feasible  method  of  increasing 
the  capacity  of  the  waterway.  On  the  basis  of  the  projected  develop- 
ment of  eonmerce  on  ■‘he  waterway  the  first  meas'ures  for  increasing  the 
waterway  capacity  woiild  be  construction  of  additional  locks  at  locks 
Nos.  13  through  17.  Subsequently,  trie  development  of  projected  down- 
bound  cooBBerce  would  reach  the  cape.clty  of  the  lower  section  of  the 
waterway  and  require  an  additional  lock  at  the  locks  in  the  Ics/er 
reaches  of  the  channel.  Depending  on  the  development  oi"  through 
commerce  traffic  to  Dallas  and  Fort  Worth,  it  eventually  would  be 
necessary  to  provide  an  addltiorjal  lock  at  each  of  the  ether  locks 
on  the  channel  in  oi’der  the  pr'Ujec.tei  cormaerce  tonnage  for 

the  year  2070.  It  is  consider*:!  the  economj'  cf  the  basin  would 
be  served  best  by  initial  cons vnvut n cf  b4-  X bOO-foot  locks  below 
Dallas  and  of  5^>-  X 400-foot  Iric.Vii  abore  DaUas,  and  subsequertly  as 
the  need  arises  give  cons  Iderati’’ r.  t : the  meet  feasible  means  of 
providing  adeqmte  locks  and  r>OH.  tble  ; ome  channel  improvement  when 
the  projected  comaerce  eroeed  tbe  'a pa 'C icy  of  the  initial  system. 


158.  LOCKA(a:S  REQUIRED  FOR  OPERATION  OF  NAVIGATION.-  A svurmary 
of  the  lockages  required  to  transport  the  projected  1970  and  2015 
commerce  tonnage  through  each  lock  of  the  system  and  the  percent 
of  lockage  time  required  at  each  lock  on  the  basis  of  a 365-day 
year  of  lock  operation  time  and  bargeload  tonnage  discussed  above 
for  year  of  2015  is  given  in  table  23- 

TABLE  23 

PERTINENT  INFORMATION  CONCERNING  LOCKAGES  REQUIRED 
TO  PASS  PROJECTED  1970  AND  2015  CCMffiRCE  TONNAGES  THROUGH  THE 
PROPOSED  TRINITY  RIVER  LOCK  SYSTEM 


Lock  : 

Projected  tonnage 

: Lockages  per  year: Lockage 

time  {%) 

No.  : 

1970 

: 2015 

: 1970  : 

2015  ; 

; 1970  : 

2015 

1 

7,281,000 

15,009,000 

4254 

6917 

49 

79 

2 

7,281,000 

15,009,000 

4254 

6917 

49 

79 

3 

7,281,000 

15,009,000 

4254 

6917 

49 

79 

6,308,000 

15,009,000 

3443 

6917 

39 

79 

5A 

5,335,000 

15,009,000 

2632 

6917 

30 

79 

5B 

5,335,000 

15,009,000 

2632 

6917 

30 

79 

6 

5,312,000 

14,960,000 

2619 

6889 

30 

79 

7 

5,061,000 

14,126,000 

2410 

6193 

28 

71 

8 

5,061,000 

14,126,000 

2410 

6193 

28 

71 

9 

5,061,000 

14,126,000 

2410 

6193 

28 

71 

lOA 

U, 810, 000 

13,292,000 

2201 

5497 

25 

63 

lOB 

4,810,000 

13,292,000 

2201 

5497 

25 

63 

11 

4,810,000 

13,292,000 

2201 

5497 

25 

63 

12 

4,810,000 

13,292,000 

2201 

5497 

25 

63 

13 

6,352,000 

18,420,000 

4128 

83^+5 

47 

95 

Ik 

6,352,000 

18,420,000 

4126 

8345 

47 

95 

15 

6,350,000 

18,408,000 

4128 

83^+5 

47 

95 

16 

6,350,000 

18,408,000 

4128 

8345 

47 

95 

17 

6,350,000 

18,408,000 

4128 

8345 

47 

95 

18 

3,645,000 

8,186,000 

2852 

5532 

24 

47 

19 

3,645,000 

8,186,000 

2852 

5532 

24 

47 

20 

3,603,000 

8,092,000 

2852 

5532 

24 

47 

21 

3,603,000 

8,092,000 

2852 

5532 

24 

47 
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159.  MISCELLANEOUS  COMMERCIAL  AND  PLEASURE  CRAFT.-  In  addition  to 
the  barge  tows  required  for  the  movement  of  the  prospective  traffic  on 
the  channel  to  Fort  Worth,  there  wo'ald  be  movement  of  work  boats  and 
floating  plant  required  for  operation  and  maintenance  of  the  channel, 
towboats  with  auvd  without  empty  barges  to  serve  emergency  requirements 
or  breakdown  of  commercial  craft,  and  a considerable  number  of  cabin 
cruisers,  fishing,  hunting  and  other  pleasure  craft  requiring  lockage 
in  various  sections  of  the  channel.  The  lockages  required  for  the 
miscellaneous  craft  designated  above  is  unknown;  however,  it  is  con- 
sidered that  a large  number  of  water  craft  coxild  be  passed  througii 

the  lock  with  each  lockage  of  the  3-Large  commercial  tows  operating 
on  the  channel  below  Dallas  and  the  2-barge  tows  operating  on  the  channel 
between  Dallas  and  Fort  Worth. 

160.  The  basic  assumptions  regarding  barge  tow  movement  on  the 
channel  below  Dallas  assume  that  the  84  x 600-foot  locks  wovild 
accommodate  a three -barge  tandem  tow  in  one  lockage  by  assembling  the 
three  barges  in  tandem  with  the  towboat  setover  adjacent  to  the  last 
barge.  Assuming  the  towboat  to  be  120  feet  long,  the  lock  would  provide 
a water  area,  49  feet  wide  by  480  feet  long,  ahead  of  the  towboat  which 
could  be  used  for  the  transit  of  miscellaneous  water  craft  in  connection 
with  each  lockage  of  the  standard  three-barge  tow.  The  unoccupied 
water  area  would  accommodate  a one -barge  tow  consisting  of  a 35'  ^ 195' 
barge  and  towboat,  120  feet  long,  or  three  towboats,  or  two  35'  ^ 195' 
barges  or  96  small  crafty  averaging  10  feet  wide  by  20  feet  long.  Simi- 
larly, the  56  X 4O0-foot  locks  on  the  channel  above  Dallas  would  provide 
a minimum  water  surface  area  of  21  feet  wide  by  280  feet  long  with  each 
lockage  of  the  standard  two-barge  tandem  tow  assembled  two  barges  in 
tandem  with  tow-boat  setover  adjacent  to  the  last  barge.  This  area 
woiold  accomnodate  about  28  small  craft  in  addition  to  the  standard 
two-barge  tandem  tows,  but  miscellaneous  commercial  craft  and  work  boats 
having  beam  widths  greater  than  20  feet  co’old  not  be  accommodated  in  the 
lock  with  the  standard  two-barge  tow.  It  is  also  considered  that  for 
safety  purposes  miscellaneous  craft  would  not  be  permitted  for  lockage 
with  commercial  tows  transporting  highly  combustible  commerce,  but  such 
commerce  movement  on  the  channel  would  be  of  small  amount  and  would  not 
materially  affect  the  movement  of  miscellaneous  craft. 

161.  During  the  first  half  of  the  project  life  of  the  channel, 
commercial  barge  tow  lockages  would  not  require  hourly  lock  operation 
and  small  craft  could  be  handled  expeditio'osly  providing  there  would 
be  adequate  water  supply  for  such  lockages.  During  low  flow  periods, 
it  probably  would  be  necessary  to  limit  lockage  of  small  craft  with 
commercial  barge  tows  depending  on  the  availability  of  lockage  water. 
During  the  second  half  of  the  project  life,  commerce  tonnage  movement 
on  the  channel  would  approach  a requirement  of  hourly  operation  of  the 
locks.  On  the  basis  of  a 12 -hour  day,  with  lockages  every  hour  and 

an  average  of  only  60  small  pleasure  boats  in  addition  to  the  commercial 
barge  tows,  the  84  x 600-foot  locks  would  handle  a total  of  720  small 
pleasure  crsift  per  day.  Because  of  the  smellier  locks  (56'  x 4O0') 
above  Pallets,  a toteO.  of  about  300  small  pleasure  crafts  could  be 
heuidled  during  a 12 -hour  day. 
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162.  Investigation  of  the  small  craft  passing  through  the  Brazos 
River  floodgates  and  the  Colorado  River  locks  on  the  Gulf  Intracoastal 
waterway  during  the  5-year  period,  1957  through  1961,  as  reported 
monthly  by  the  lock  masters,  reveals  that  an  average  of  about  12  and 
52  small  craft  per  day  passed  through  the  Brazos  floodgates  and  the 
Colorado  River  locks,  respectively.  Additional  information  con- 
cerning che  ccnrjerci-ai  craft  and  small  craft  handled  at  these 
facilities  on  a yearly  and  mcntbly  basis  for  each  year  1957  through 
1961  is  given  in  table  24,  These  facilities  are  located  within  a 

60-  and  90-mile  radius,  respectively,  from  Houston,  Texas,  and  provide 
access  to  e>:ter,.sive  areas  affording  some  of  the  best  fishing  and  migratory 
bird  hunting  cr.  the  Gulf  Coaf.t. 

163.  The  propcsed  canalized  multiple  purpose  Trinity  River  channel 
to  Fort  Worth  terroinas  would  have  a total  length  of  364  miles  and  pass 
through  three  large  water  conaervatioo.  reserv. irs . The  navigation  locks 
and  dans  on  the  channel  would  form  addltloral  water  areas  having  widths 
of  about  200  and  3G0  fee*,  within  the  channel  banks.  These  water  areas 
would  be  more  or  leas  deeply  en;r anted  below  the  ground  level  and  apparently 
would  not  become  very  popular  areas  for  various  small  water  craft  activities 
because  of  the  confined  water  areas  and  disturba.nce  caused  by  passing 
water  craft.  The  reservoir  areas  Would  be  most  attractive  to  pleasure 
craft  and  lockage  to  and  from  these  areas  would  probably  be  most 
demanding  partly  because  of  the  "thrill"  Involved  in  the  operation 

and  for  fishing  below  the  reservoir  dame.  The  locks  at  these 
reservoirs  could  accommodate  a large  amount  of  small  boat  traffic 
without  detriment  to  commercial  barge  operation  during  the  early  project 
life.  During  the  latter  part  of  the  project  life  a total  of  90  small 
boats  tn  addition  to  the  commercial  barges  could  be  accommodated  on  an 
hourly  basis  during  maximum  commerce  tonnage  movement  on  the  channel.  In 
view  of  the  spare  water  area  available  in  the  locks,  it  is  considered  that 
lockage  of  miscellaneous  commercial  and  small  craft  can  be  coordinated 
and  accommodated  with  the  lockages  required  for  the  commercial  traffic. 
Accordingly,  no  allowance  is  deemed  necessary  for  individual  lockage 
of  miscellaneous  craft. 


A' ’ ‘ C 


l64.  STOUCT'JRAL  FEA'^int-..  ''  ri.  ' - I'he  iock-size  formulation 
study  shows  tnat  locks  having  • u ‘ ’iri  uimcn'lcns  of  84  feet  wide 

and  600  feet  long  on  the  :Jianixf  1 below  Dallas,  and  that  locks,  56  feet 
wide  by  400  feet  long,  on  tne  channel  a*  anc  above  Dallas  are  the 
most  feasible  size  cf  locks  for  economi '^1  * ranoi’oi  taiion  of  commerce 
on  the  chani.el  to  For*  W-rth  A ni  jiugly,  it  is  considered  that  the 
navigation  lock,  56  feet  vi ' ' if>  icr-t  Icng,  rec  jmmended  for  the 

multiple  purpose  WaLlisv,..:  jur ’-n.  11  pjoj-'.'  in  the  report  of  the 
Acting  Chief  of  Er.i.‘'.ineer ' contaimi  In  Hous--  I.'O'rUiTer.t  tlo  cl5,  87th 
Congress,  1st  5-..  r:on,  ; r:'-  ; li-  ’ '•  pro'  i '-  a Ic.k  8t  feet  v'iie  by 
600  feet  long  as  recnnm.'- nd-  1 m th>  report  ' : the  oi  = tri't  ‘engineer 
contained  in  the  ref'-ren  vi  Kouse  Tx>''^xn-^rr.  115- 


16s  Itne  proper  it  -x600-foot  iCck  for  Wailisville  Tem  would 
consist  of  an  upp^r  arid  lover  =«ec'-cr  gate  structure  of  m :ilve  gravity- 
type  concrete  walli  fourd-i  on  voc-^  piling.  The  sll*?  w'."jli  p- 

set  at  elevation  ci''us  ■ ■ ■ l6,0  wi’-'  »''p  of  ee-.«;r  gate  :'.-u'tur  a* 
elevation  8 ' "nv-  l^rk  basir.  .c.ii  woris.-t  „f  r 'a  r . -ar*l  basin  ai.d 
would  •.cnbain  x moe-rlng  vail  pile  ani  tinber  constructi-'n  olth  top  c: 
walkway  at  ab'-iUt  alevnt  lo-n  lj.,0  C'c-  1 '‘aet  pib:  gi.i..e  walls  vculd  be 
provld-  ■ ^ ni.irf  ’ne  nr-a.;  - lovn-tr -am  -nds  of  ‘'ne  -■  ’ r gate  s'ru:  tu:>. 

A single-  leaf,  through  plate  gi.rier  ’Y>v-  of  ba.-ru---  lif;  tiiigo  providing 
a 12-foot  roadway  'would  be  provided  eoross  the  84 -loot  lock  chamber  to 
provide  access  to  th«  g^ted  river  diversion  s'ru'.ture  loft<».i  about 
4,40C  feet  downstream  of  the  Icck  . tructur-.  , Appui  terant  bu^laing.  and 
facilities  would  be  pr-ovilel  ror  mainterjance  and  operation  of  the  lock 
structure  A sit-  plan  "f  th-.  >ropo-ed  1,.k  No.  1 ir  the  Wallisvlile 
deuB  la  9h<rvi  on  p ost  a 11  on  phg-.  5~. 

166  limited  oubsurface  Investlgs ♦ ir-ns  were  mad--  ■ ic  k ite;-  for 
this  report,  consisting  of  on.r  cor-  boring  to  a d-  j-th  i about  65  feet 
below  the  prcp<>sed  ele-'ration«  of  low-^r  pods  The  bcrings  show  that  the 
material  underlying  t.ie  proposea  Icck  site-'  irwnstrsam  cf  tcck  site 
No.  16,  excluiir.g  lock  sites  No.  6 ann  7,  consist  cf  sands,  clays, 
or  mixtures  of  t.teee  met‘=Tials  Tr.-  boririgs  a*  lock  6,  7^  I6,  i.  . 

upstream  thereof  indicate  moderate  aepths  of  sar-i.-,  : a'ld  silts  ’ 

bedrock  formations  of  shai«-  atid  lime.rtcne  Based  on  the  iimitei  boring 
data  and  general  k.now ledge  of  the  --rjalo  fcrnwitlca?  ir.  the  upp-r  rea-ch 
of  the  river,  it  is  considered  trat  these  fcrmatlo-ns  ?r“  iradtquatt  to 
serve  as  rock  formations  for  t,V  proposed  locks  and  ■‘ms-,  however,  the 
limestone  formatione  may  prev-  to  be  aa<^quate  fer  several  look  an-? 
dam  structiues  in  the  la  11a?  area  Por  -*h-  purpose  of  *hi  ■ repor..  it 
Is  considered  that  pile  foundations  b-  pro'-'ilei  for  lock  and  dam 
structures  having  30-foot  lifts  or  less,  lock  structures  navlng  lifts 
greater  than  30-fOet  would  be  designed  as  a "li"  frame  type  lock. 

167.  Per*in«-nt  infcnnation  concerning  the  system  of  locks  proposed 
for  carallza tion  cf  the  :Mt-ine  1 to  For*  Worth  Is  given  la  t,^ble  25 
Plates  3 through  10  show  the  location  of  the  selected  Ic-'k  and  *ajn  slt  = s 
and  plates  12  through  15  '*n  p^’ge--  55  thr'ugf.  58  ehow  a profile  cf  the 
proposed  rarallz-d  channel  Pi-iiimirarv  data  coacerniag  the  eubsurface 
foundation  materials  at  the  various  lock  sites  are  show.,  on  plates  20 
and  21. 


TABLE  25 

PERTIIIEIiT  DATA  CONCERIIING  SYSTEM  OF  LOCKS 
PROPOSED  FOR  CAIIALIZATION  OF  THE  MULTIPLE  PURPOSE 
TRiriETY  RIVER  CHAITIJEL  TO  FORT  WORTH,  TEXAS 


Location 
Lock  (1) 

Proposed  lock 

: Lock 

: No. 

Size 

(feet) 

: Pool  elevation  : 

: Lower  : Upper 

Lift 
( feet) 

28.3 

1 (2) 

84x600 

0 

4 

4 

47.45 

2 (2) 

tt 

4 

16 

12 

59.08 

3 

11 

16 

36 

20 

74.85 

4 

It 

36 

60 

24 

98.00 

5A 

H 

60 

101 

4l 

99.20 

5B  (3) 

M 

101 

131 

30 

147.92 

6 (3) 

n 

131 

138 

7 

183.92 

7 

tt 

138 

168 

30 

207.55 

8 

ti 

168 

192 

24 

217.95 

9 

tt 

192 

210 

18 

233.0 

lOA 

It 

210 

235 

25 

233.61 

lOB  (4) (5) 

It 

235 

262.5 

27.5 

258.91 

11  (M(5) 

It 

262.5 

270.0 

7.5 

274.51 

12  (6) 

It 

270 

284 

l4 

286.64 

13 

It 

284 

308 

24 

298.38 

l4 

tt 

308 

326 

18 

306.31 

15 

It 

326 

344 

18 

311.25 

16 

II 

344 

356 

12 

317.81 

17 

tt 

356 

372 

16 

331.31 

18 

56x400 

372 

396 

24 

342.51 

19 

It 

396 

424 

28 

351.91 

20 

II 

424 

452 

28 

360.17 

21 

It 

452 

480 

28 

(1)  Distance  in  miles  from  the  Houston  Ship  Ciiannel. 

(2)  Provides  for  navigation  tiirough  all  stages  of  conservation  storage 

(elevation  4.0  to  l.O)  in  Wallisville  reservoir. 

(3)  Provides  for  navigation  through  all  stages  of  conservation  storage 

(elevation  I3I  to  101)  in  Livingston  reservoir. 

(4)  Provides  for  navigation  through  all  stages  of  conservation  storage 

(elevation  262.5  to  235)  In  Tennessee  Colony  reservoir. 

(5)  Provides  for  navigation  through  all  stages  of  flood  control  storage 

(elevation  262.5* to  285)  in  Tennessee  Colony  reservoir. 

(6)  Lock  No.  12  is  not  inundated  when  flood  storage  in  Tennessee  Colony 

reservoir  is  at  elevation  285. 


Ill -90 


A8BREv>AT,->jS  foft  0O«  *iC  logs 
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PROFILES  AND  LOGS  OF  BORINGS 
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168.  The  IsLnd  and  river  walls  of  the  proposed  locks  upstream  of 
lock  No.  1 would  be  massive  concrete  walls  containing  a continuovis 
culvert,  12  feet  square,  with  suitable  ports  for  filling  and  emptying 
the  lock  chamber . The  lock  gates  would  be  of  the  miter  type  with  both 
upper  and  lower  miter  sills  set  at  a minimum  of  15  feet  below  the 
respective  normal  pool  elevations.  The  top  of  lock  gates  wo\ild  provide 
two  feet  of  freeboard  above  normal  pool  elevation  which  was  established 
at  four  feet  below  top  of  baiJi  at  rhe  lock  site.  The  top  of  lock  walls 
would  be  seven  feet  above  noririal  upper  pool  elevation,  or  two  feet 
above  the  flow  that  occurs  9®  percent  of  time,  whichever  is  the 
greater.  Hydraulic  machinery  would  operate  the  tainter  valves  and  miter 
gages  with  electric  motors  providing  power  for  the  machinery.  All 
locks  would  be  provided  with  urjstream  and  do'wnstream  concrete  guidewalls. 
Each  lock  would  be  provided  with  an  explanade  and  an  access  road  would 
be  provided  to  each  lock  site  from  the  nearest  improved  county  or 

state  highway. 

169.  Lock  - IIos.  5A,  6,  lOB  and  11  would  be  of  concrete  "U"  frame 
type  similar  to  the  Port  Allen  lock  design.  A plan  and  sectional  views 
of  lock  lOB  are  shown  on  plates  22  and  23,  which  show  the  general 
structural  features  of  the  ”U"  fi-ame  type  lock  design  proposed  for 
locks  5A,  6,  lOB  and  11.  Excluding  lock  No.  1 at  the  Wallisvllle 
reservoir  dam  and  the  "U"  frame  type  locks,  the  other  locks  would  be 

of  massive  concrete  gravity  wall  type  similar  to  the  Arkansas  River  lock 
design.  Plates  2k  and  25  show  a plan  and  sectional  views  of  the  concrete 
gravity  type  locK.  design,  founded  on  batter  piling.  Site  maps  of  lock 
No.  1 and  2,  6 and  11  are  shown  on  plate  11  on  page  50  and  plate  26, 
respectively.  Site  maps  of  locks  No.  5 and  5B  at  the  Livingston 
reservoir  dam  end  Locks  lOA  and  103  at  the  Tennessee  Colony  reservoir 
dam  are  shown  on  plates  I6  aiid  17  on  pages  62  and  63 . A site  map  of 
lock  No.  19  is  also  shown  on  plate  I6. 

170.  Locks  5B  and  lOB  would  be  located  in  the  Livingston  and 
Tennessee  Colony  reservoir  dams,  respectively.  It  is  imperative  that 
some  special  means  be  provided  in  connection  with  these  locks  to  prevent 
the  loss  of  conservation  storage  from  the  reservoirs  in  the  event  that 
the  lock  gates  were  damaged  or  spr'sng  apart  by  accidental  collision  of 
barge-tow  and  gates.  Conslderatio.n  was  given  to  the  advisability  to 
provide  some  type  of  hinged  gage  or  special  designed  bulkhead  gate 
which  could  be  installed  for  the  emergency  closure  or  a mechanical 
operated  gate  gmrd  installed  within  the  lock  to  prevent  the  barge 

tows  colliding  with  the  lock  gates.  For  the  purpose  of  this  report, 
it  is  proposed  that  a gate  guard  be  provided  in  each  lock  consisting 
of  a structural  steel  trussed  beam,  2.5  feet  deep,  spanning  the  full 
width  of  the  lock  between  a recess  in  each  wall  located  20  feet  clear 
inside  the  upper  gate.  The  gate  guard  wotild  be  in  protective  position 
when  upbound  barge  tows  move  into  the  lock  and  would  be  mechanically 
synchroized  to  be  in  protective  position  at  the  top  of  the  basin  pool 
diiring  filling  of  the  lock  chamber.  Prior  to  opening  the  upper  gates, 
the  gage  guard  would  be  mechanically  controlled  to  rest  on  the  lock 
floor  dvtring  the  passage  of  barge  tows  out  of  or  into  the  lock  chambers. 


The  gate  guard  would  be  raised  to  protective  position  prior  to  emptying 
the  lock  chamber  and  would  be  synchronized  to  be  in  protective  position 
during  emptying  of  the  lock  chamber.  Details  of  the  gate  guard  are 
shown  on  plate  23. 

171  • Lock  5B  located  in  the  Livingston  dam  provides  for  navigation 
through  the  reservoir  between  top  of  conservation  storage  at  elevation 
131.0  and  bottom  of  storage  at  elevation  101.0.  The  top  of  dam  is  at 
elevation  lU^O  and  has  a crown  width  of  30  feet.  The  upper  gate  bay 
walls  of  lock  No.  5B  would  extend  to  the  top  of  dam. 

172.  Lock  lOB  located  in  the  Tennessee  Colony  dam  provides  for 
iiavigation  through  the  Tennessee  Colony  reservoir  during  all  stages  of 
conservation  storage  in  the  reservoir  between  elevations  262.5  and 
235. 0^  also  duri.ng  all  stages  of  flood  control  storage  between  elevation 
262.5  and  285.0.  The  lock  walls  of  lock  lOB  extend  to  the  top  of  the 
Tennessee  Colony  dam  at  elevation  303.O  as  shown  on  plate  22. 
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173-  STRUCTURAL  PTlATURf^S  OF  DAMS.-  All  of  the  1?  movable  dums  pro- 
posed by  the  plan  of  improvement  for  the  canalized  channel  to  Fort  Worth 
would  consist  of  non-submersible  tainter  gates,  kO  feet  long,  with  sill 
set  at  the  design  elevation  of  the  multiple  purpose  approach  cheumel  at 
the  dam  site.  T^ie  number  of  gates  at  each  site  was  determined  by  the 
''riterion  that  tlie  swell  head  should  not  exceed  one  foot  when  discharging 
the  capacity  of  the  channel  at  that  point.  The  design  provides  a free 
board  of  one  foot  on  the  gates  of  all  movable  lams  to  permit  a reasonable 
suTiOunt  of  storage  in  the  pools,  and  to  meet  variations  in  demand  and 
thereby  avoid  the  unnecessary  waste  of  water.  The  piers  and  service 
bridges  are  of  sufficient  neight  to  permit  raising  the  gates  5 feet  abo'/e 
the  maximum  experienced  highwater.  The  dams  are  founded  on  bearing  piles, 
battered  in  two  directions  to  withstand  the  lateral  loads.  Steel  sheet 
pile  cutoff  walls  would  be  providea  at  the  upstream  edge  of  the  sill  and 
at  the  downstream  edge  of  the  concrete  stilling  basin. 

17^"  Fui’ther  information  concerning  ti.e  design  of  the  movable  dams 
€uid  the  overflow  dam  No.  11  is  given  in  appendix  VI.  Hie  structural 
features  of  a typical  dan  arc  shown  on  plates  24  and  25  on  peiges  97  a-'id 
98.  A site  plan  of  lock  and  dam.  Nos.  1 ana  2 are  shown  on  plate  11,  on 
page  50  of  lock  and  dam  Nos.  6 aiid  11  on  plaae  26  on  page  99  and  of  lock 
and  dam  No.  I9  on  plate  16  on  page  62.  These  site  maps,  excluding  ground 
and  channel  elevations,  illustrate  the  general  features  of  the  proposed 
lock  euid  dam  installations  shown  on  the  general  maps,  plates  3 througlu 
10  on  pages  42  through  49.  Pertinent  information  concerning  the  naviga- 
tion dams  is  given  in  table  1’6. 
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TABLE  26 

PERTIJffiNT  DATA  CONCERNING  NAVIGATION  DAMS 
PROPOSED  FOR  CANALIZATION  OF  THE  MULTIPLE  PURPOSE 
TRINITY  RIVER  CHANNEL  TO  FORT  WCRTH,  TEXAS 


Location 
Dam  (1 ) 

: 

Proposed  dam 

: Normal  : 

: Pool  elevation: 

: Lower  : (Jpper: 

Uft 
( feet ) 

; Elevation: 
: 2 percent: 
: flow(2)  : 

Sill  ; 

eleva- : 
tion  : 

Number 
& size 
of  gates 

28.3 

0 

4 

4 

5-0 

-16.0 

4-40x21 

47.45 

4 

16 

12 

17.0 

-13-0 

7-40x31 

59-08 

16 

36 

20 

37.0 

3.5 

6-40x34.5 

74.85 

36 

60 

24 

61.0 

26.0 

6- 4ox36 

98.00 

60 

101 

4l 

(3) 

99.20 

101 

131 

30 

(3) 

147.92 

131 

138 

7 

139.0 

96.0 

5- 4ox44 

183.92 

138 

168 

30 

169.0 

126.0 

5. 1+0x44 

207.55 

168 

192 

24 

193-0 

152.0 

5-40x42 

217.95 

192 

210 

18 

211.0 

166.0 

6-40x46 

233.0 

210 

235 

25 

(4) 

233.61 

235 

262.5 

27.5 

(4) 

258.91 

262.5 

270.0 

7.5 

Notched  overflow 

spillway  dam 

274.51 

270 

284 

14 

286.0 

258.0 

5-40x28 

286.64 

284 

308 

24 

309.0 

278.0 

6-4ox32 

298.38 

308 

326 

18 

327.0 

302.0 

5-40x26 

306.31 

326 

344 

18 

345.0 

322.0 

5-40x24 

311.25 

344 

356 

12 

357.0 

331.0 

5-40x27 

317.81 

356 

372 

16 

373.0 

344.0 

5-40x30 

331.31 

372 

396 

24 

397.0 

363.5 

5-40x34.5 

342.51 

396 

424 

28 

425.0 

402.0 

6-40x24 

351.91 

452 

28 

451.0 

426.0 

6-40x28 

360.17 

452 

480 

28 

481.0 

451.0 

6-4-0X31 

(1)  Distance  in  miles  from  the  Houston  Ship  Channel. 

(2)  Elevation  of  two  percent  flood  discharge  (regulated). 

(3)  Livingston  reservoir  spillway  controls  river  flows. 

(4)  Tennessee  Colony  reservoir  spillway  controls  river  flows. 
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175.  ACCESS  ROADS  TO  LOCK  SITES.-  An  access  road  would  be  provided 
from  the  nearest  Improved  all  weather  state  or  county  road  to  each  lock 
site,  excepting  lock  No.  1,  which  would  be  provided  for  under  the 
recommended  Wallisville  reservoir  project.  The  access  roads  were 
selected  during  a field  reconnaissance  and  consultation  with  local 
persons  familiar  with  roads  in  the  vicinity  of  each  lock  site.  Existing 
graded  roads  would  be  used  where  favorably  located.  One  access  road 
would  be  provided  to  serve  locks  Nos.  5A  and  5B,  similarly  for 

locks  Nos.  lOA  and  lOB. 

176.  BUILDINGS,  GROUNDS  AND  UTILITIES.-  In  general  the  locks  and 
dams  proposed  for  canalization  of  the  multiple  purpose  channel  to  Fort 
Worth  would  become  readily  accessible  to  local  communities  on  completion 
of  the  access  roads  to  the  lock  sites.  It  is  considered  that  reasonable 
living  quarters  could  be  found  in  the  communities  and  that  it  would  not 
be  necessary  to  provide  quarters  at  the  lock  sites  for  lockmen  and  other 
personnel,  excepting  the  lockniaster.  Accordingly,  the  plan  of  improvement 
provides  for  a lock  iiiascer's  quarter  to  be  constructed  on  the  lock 
reservation  area  including  a combination  garage  and  storage  shed  and  other 
utilities. 

177.  I'LRMAihlNX  OTERATING  El^UIPMENT.-  It  is  proposed  that  each  lock 
installation  be  provided  with  a set  of  operating  equipment,  except  locks 
No.  1,  5A,  5B,  lUA  and  lOB.  Lock  No.  1 would  be  provided  with  operating 
equipment  in  connection  with  the  recommended  Wallisville  reservoir  project. 
One  set  of  operating  equipment  would  be  provided  to  serve  both  locks  Nos. 

5A  and  5B,  and  similarly  for  locks  Nos.  lOA  and  lOB.  Twenty  sets  of 
operating  equipment  would  be  required  for  the  system  of  locks  and  dams. 

178.  A river  observation  system  would  be  required  for  the  collection 
of  basic  precipitation  and  river  stage  data  required  to  forecast  the 
operation  of  the  navigation  dams  on  the  multiple  purpose  channel  to 

pass  flood  rises  and  reservoir  releases  and  at  the  same  time  maintain 
normal  pool  elevation  for  navigation.  The  existing  precipitation  and 
stream  recording  gages  on  the  basin  would  be  augmented  by  26  standard 
precipitation  gages  and  40  waterstage  recorders  for  navigation  fore- 
casting purposes. 
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179-  Alie  rc  MVIG/\nON.-  xi-.e  Commander,  Eighth  Coast  Guard 
District,  New  Orleans,  Louisiana,  by  letter  dated  October  30,  196l, 
advises  that  aids  to  navigation  for  the  multiple  purpose  channel  to 
Fort  Worth  v'culd  consist  of  single  pile  daybeacons  installed  on  the 
channel  bank  at  the  lower  ends  of  river  cut-offs  and  along  the  channel 
route  as  may  be  necessary,  and  that  3rd  class  radar  reflecting  buoys 
would  be  used  to  mark  the  channel  throrgn  the  Livingston  and  l\?nnessee 
Colony  Reser/oirs.  Ir,  aiclition,  a light  attendant  station  complete 
with  wharf,  cehicles  and  a Ip- foot  buiy  boat  would  be  provided  at 
each  reservoir.  Two  sites  cf  apprcxiiuetely  two  acres  each  wcuid  be 
required  for  the  light  arteniant  stations  Alls  to  navigation  through 
the  Walll6vii;,.e  Peeervcir  are  provided  '“or  in  the  Welllsvllle  Reservoir 
project . 

180  BiFFIClTLTISS  ATTENDING  NAVI-GAl ION.  - The  only  existing  Federal 
project  for  navit^.  tlon  on  the  Trinity  River  is  ‘he  authorized  channel 

to  Liberty  71  , ' 'liarure^  wa-  'onpl-- ‘/  d t.o  or.^  mile  Anahuac,  T"^xas, 

but  ' not  bee:.  mai:.‘a  me o;  trolling  depth  cf  the  -naanel  is 
repc.rte.d  to  be  *u  . and  ore -half  •'  £om»  na'  icatior  cr  tho  upper 

portion  cf  thi-  comrletec  channel  nc  and  fron  Trinity  Bay,  limited  tc 
small  mud-sh^..l  bargee,  oil  e-fploration  boats  arn  pleasure  boats,  is 
feasible  via  the  Touble  l\ayou  ciiaanel  extending  no  Trinity  Bay  and 
crossing  the  pro 'act  c*'iannei  at  abcu*  mile  15 

181  Traffic  mo-'=’irent  or  the  lower  Trinity  River  is  feasible  '.is 

the  Triol^y  River  to  abou»  n.v>=-r  n.le  ilC  '’;d!.r  favorable  flow  conditions 
in  the  river,  ovcas-cnal  m-.'  sme  t «ma.l  .f'ul-rheii  barges  is  feasible 
to  Liberty,  Tex^i,  at  about  river  riis  '-C  Tide  -’ater  ‘'xtends  in  *he 
river  to  Liberty  e.-^d  a'’oeis  i'  :h-.  rl  e’'  up-eream  of  mile  20  obstruct 
r*avlgstlon  ciuring  lo-^-flov  perleis 

182.  The  na+ oral  lo.'--vater  ir.  the  Trinity  River  upstream  of 

Liberty,  being  only  a few  fee*  over  the  bars  and  sr;oaTs,  is  Inadequate 
for  small  fishing  arc  pTe.isure  craft  to  r,a  igf.te  c«*eneive  reaches  of 
the  r^'^er.  The  narrow  vilt.es  cf  the  r.,7cr  ,;;c  iuc  mg  c.nerp  curves  and 
range  in  stream  fic.-.'  Tong  dur's.tlc  s of  i'v  , lows  prcver,t  c .xmtcrcial 

r*avigaticn  or.  the  river 

183.  The  proposed  multiple  purp<:se  charu;el  improvement  of  the  Trinity 
River  would  permit  year-round  nsvigstion  tc  Fort  Worth,  Texas  Barge-tov 
crossing  of  the  open  waters  of  Galveston  Bay  at  R“d  Fish  Bar  would  be 
difficult  and  c.ai.ardou5  during  stoms  a..u  p^.r±cxir  of  cough  weat.her  and 
fcg.  The  occurrence  of  these  adverse  veat'ier  conditions  would  probably 

cause  infrequent  mi.ncr  delays  tc  navig^'icr.  ‘ 

184.  Inveatlgatlor  reveals  that  some  miner  delays  to  navigation  on 
the  multiple  purpc.se  c’-Aonsl  would  occur  upstream  cf  the  Tennessee 
Colony  Reservoir  during  the  recurrence  cf  major  floods  of  record  on  the 
Trinity  River  under  2020  cc.ndlti&r.s  of  modified  reservclr  regulation  on 
the  basin.  It  la  ocnsldered  t>-At  regulated  .iischarges  *=.qual  to  or 
exceeding  th*-  proposed  bankfull  :®.paclty  of  tie  cha.nr.el  at  the  respective 
gaging  stations  would  cause  cessation  of  navigation  during  the  period  th» 
discharges  exceeded  bankfuil  c.-Anre.,  capacity  A suruaary  of  the  number 
of  days  navigation  would  prcbotiv  be  deiayel  at  \^rlous  locations  on  the 
channel  during  a rs''urTence  cf  these  major  floods  of  records  under 

modified  2020  cordltl<:r.3  in  tfw  Trinity  Plvei  basin  is  shown  in  the  / 

f ollowl op  tabula! 1 on • 
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Gaging 

station 

Location 
( c.hannel 
miles) 

capacity(l) 

Days 
delay 
Apr -July  ; 

(1942)  : 

cf  .navigation 
s during  flood 
Feb -May  : Apr -July 

(1945)  : (1957) 

Grand  Prairie 

3^^5.3 

15,000 

0 

1 

1 

Dallas 

333.9 

25,000 

4 

1 

Rosser 

298.0 

32,000 

6 

2 

0 

Oakwood 

220.6 

45,000 

0 

0 

0 

Riverside 

136.1 

45,000 

0 

0 

0 

Romayor 

75. s 

45,000 

0 

0 

0 

(l)  Designed  banjcfull  capacity  in  cubic  feet  per  second. 


185.  Investigation  was  tr.ade  of  the  delays  to  ixavigation  that  probably 
would  be  experienced  on  a single  pia'pose  .-lavigation  channel  to  f’ort  Worth 
during  the  recurrence  cf  the  th.-ee  na,]  ^r  floods  of  record  u-ider  modified 
existing  conditions  in  uhe  basin  wnich  excludes  any  improvement  of  the 
natural  river  ciaannel  in  the  interest  of  flfX)d  control.  It  is  also 
considered  that  the  single  piurpose  navigation  channel  would  not  materially 
increase  t.he  .nat'oral  capacity  of  the  river,  a;.d  that  riavigation  on  the 
single  puriiose  cha.nnel  wo^fld  not  be  safe  and  feasible  when  flows  exceed 
flood  stage  at  the  various  stream  gaging  stations.  A summary  of  the 
n'jmber  of  days  navigation  would  prooably  be  delayed  on  the  single  purpose 
chan.nel  to  Fort  Worth  d'uring  a rec^irrence  of  the  three  ;."iajor  floods  of 
record  under  modified  existing  conditions  is  shown  in  the  foilowi.ng 
tabulatio.. : 


Gaging 

station 

:Discnarge 
:at  flood 
: stage  (c.f.u.) 

: Days  of 

navigation  delays 

d'jring  flood  of 

: Apr -July 
: (.^942) 

; Feb -May  : 

: (1945)  : 

Anr-July 

(1957) 

Grand  Prairie 

n,0Ct 

22 

6 

25 

Dai  las 

13,000 

21 

10 

28 

Rosser 

9,000 

114 

81 

75 

Oaxwood 

24,000 

42 

39 

60 

Riverside 

53,0CXj 

r 

0 

7 

24 

RuTAyor 

4; -,,000. 

12 

26 

47 
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l86.  The  difference  in  the  number  of  days  of  navlf^ation  shown  In 
the  above  two  tabulations  for  modified -2020  conditions  and  modified 
existing  conditions  indicates  the  beneficial  effect  on  navigation  that 
would  result  from  the  ultimate  development  of  the  Trinity  River  basin 
water  resources.  Analyses  of  the  three  major  floods  of  record  Indicate 
that  the  recurrence  of  smaller  floods  of  record  under  modi fied -2020 
conditions  apparently  would  not  result  in  many  days  of  delay  to 
navlf:;ation . Whereas,  under  modified  existing  conditions,  additional 
days  of  delay  to  navigation  would  probably  be  experienced  during  tiie 
smaller  floods,  and  in  the  aggregate  would  be  considered  detrimental  to 
navigation  on  the  single  purpose  navigation  channel. 

167.  In  view  of  the  foregoing,  it  is  considered  that  regulated 
flood  discharges  in  the  multiple  purpose  ciiannel  under  2o20-condi tions 
would  not  cause  serious  delays  to  navigation  and  that  the  channel  would 
provide  for  dependable  navigation  to  Fort  Worth. 

188.  The  multiple  purpose  channel  to  Fort  Worth  would  be  subject  to 
occasional  freezing  temperatures  throughout  its  full  length.  However, 
it  is  considered  that  freezing  or  below  freezing  temperatures  would  not 
cause  ice  formations  on  the  channel  which  would  seriously  interfere  with 
navigation.  The  longest  period  of  freezing  or  below  freezing  temperature 
at  Dallas,  Texas,  occurred  during  the  l6-day  period,  January  9-24,  1918 
according  to  reports  of  the  United  States  Weather  Bureau.  It  is  further 
reported  that  the  average  number  of  nonconsecuti ve  days  of  freezing  or 
below  freezing  temperatures  at  Dallas  are  as  follows:  four  days  in 

November,  eight  days  in  December,  twelve  days  in  January,  six  days  in 
February  and  three  days  in  liarch.  In  view  of  the  foregoing  only  minor 
delays  to  navigation  would  result  from  adverse  winter  weather  conditions. 
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189.  GENERAL.-  This  section  of  the  appendix  is  to  provide  basic 
supporting  data,  analyses  and  computations  that  form  the  basis  for  estimat- 
ing the  savings  to  navigation  that  would  be  derived  from  a shallow-draft 
navigation  channel  for  barge  transportation  in  the  Trinity  River  from  the 
Houston  Ship  Channel  to  Dallas  and  Fort  Worth,  Texas.  The  study,  of 
survey  scope,  is  based  on  current  economic  and  transportation  conditions 

in  the  area  that  would  be  served  by  the  proposed  navigation  channel  in 
the  Trinity  River. 

190.  TRAFFIC  STUDY.-  The  report  contained  in  House  Document  403, 

77th  Congress,  1st  Session,  submitted  by  the  District  Engineer  in  November 
1939,  is  the  last  comprehensive  traffic  study  made  by  the  Corps  of  Engineers 
of  existing  traffic  in  the  area  that  would  be  served  by  a waterway  in  the 
Trinity  River  terminating  at  Fort  Worth,  Texas.  The  current  traffic  study 
is  based  on  data  developed  on  current  economic  and  transportation  conditions 
in  the  traffic  area  and  net  or.  an  adiustment  of  information  contained  in 
the  1939  report.  The  traffic  survey  was  completed  in  1959  amounts  of 

conmodities  and  other  basic  data  ari.  .-,s  ol  .Tovi  . < 1958. 

191.  Traffic  available  for  transportation  h.  ..artie  on  the  proposed 
waterway  would  consist  of  traffic  now  moving  by  cither  modes  of  transporta- 
tion between  the  traffic  area  and  other  sect  ions  of  the  United  States 
served  by  connecting  waterways  as  weli  as  of  traffic  moving  within  the 
immediate  area  served  by  the  proposed  waterway  An  extensive  field  canvass 
of  shippers  and  receivers  of  freight;  a study  of  available  traffic  statis- 
tics; and  a traffic  rate  analysis  were  necessary  to  identify  the  commodities 
and  their  amounts  that  could  be  moved  over  the  proposed  waterway  at  a saving 
in  transportation  costs. 

192.  TRAFFIC  AREA  - The  traffic  area,  described  in  paragraph  20, 
was  determined  by  analyzing  the  existing  transportation  rates  and  charges 
of  all  modes  of  transportation  to  determine  the  geographic  extent  that 
the  proposed  waterway  would  affect  commodity  traffic  moving  in  the  area 
adjacent  to  the  Trinity  River  The  traffic  area  shown  in  figure  2 repre- 
sents the  maximum  areas  inland  from  the  proposed  waterway  which  could  be 
served  more  economically  by  the  Trinity  River  barge  canal  than  by  land 
routes  or  by  combination  of  existing  and  authorized  water  and  land  routes. 
This  area  is  the  aggregate  territory  to,  from,  and  through  which  prospective 
coninodity  traffic  was  considered  in  the  survey.  This  area  was  used  as  a 
basis  to  develop  a comprehensive  list  of  traffic  contacts  for  field  canvass. 

193.  FIELD  canvass  OF  TRAFFIC  • The  field  canvass  of  traffic  consisted 
of  interviews  and  correspondence  with  about  2,000  shippers  and  receivers  of 
conmodities  in  the  traffic  area  The  field  canvass  and  follow-up  corres- 
pondence was  accomplished  during  the  period  January  - May  1959  All 
estimates  of  traffic  are  based  on  conditions  existing  in  1958,  the  latest 
traffic  year  for  which  data  were  available  Canvass  of  the  traffic  area 
was  supplemented  by  interviews  and  correspondence  with  major  shippers  in 
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the  extended  traffic  area  described  in  paragraph  22.  Principal  cities  in 
the  extended  traffic  area  in  which  major  shippers  were  contacted  include 
Tampa,  Mobile,  Birmingham,  Chicago,  Toledo,  Cleveland,  Youngstown,  St.  Louis, 
New  York,  New  Orleans,  Lake  Charles,  Oklahoma  City,  Bethlehem,  Pittsburgh, 
Philadelphia  and  adjacent  towns  in  their  areas.  Guides  used  to  compile 
lists  of  concerns  to  be  canvassed  included  state  and  city  industrial 
guides;  chambers  of  commerce  and  other  civic  organizations  membership 
lists;  directory  of  commercial  traffic  executives.  Poor's  Register  of 
Directors  am'  Executives,  and  other  sources. 

194.  Field  surveyors  soliciting  traffic  information  in  the  canvass 
of  traffic  included  two  traffic  speciali.sts,  each  a practitioner  before 
the  Interstate  Commerce  Commission  and  State  Regulatory  Commissions,  two 
transportation  specialists  and  Corps  personnel  The  field  study  developed 
information  on  commodities  moving  in  the  area,  origin  and  destination; 
present  mode  of  shipment;  transportation  rates,  costs  of  transfer  of 
commodities  between  different  modes  of  transportation;  switching  charges; 
and  related  information  pertaining  to  actual  commerce  in  the  area.  Related 
Information  was  also  developed  from  operators  of  terminals  and  barge  lines 
on  terminal  costs,  towing  operations  and  practices  and  requirements  of 
regulations  on  inland  waterways , Questionable  items  of  traffic  developed 
in  the  traffic  study  were  resolved  by  correlation  with  applicable  published 
statistics  . 

195.  SPECIAL  STUDIES-  A special  study  was  made  of  the  sand,  gravel 
and  crushed  stone  that  could  reasonably  be  expected  to  move  on  the  proposed 
waterway.  Industry  practices,  lack  of  available  market  records,  the 
highly  competitive  nature  of  the  sand  and  gravel  business,  and  the  un- 
willingness of  sand  end  gravel  companies  to  release  exploratory  information 
on  extent  and  location  of  proven  deposits  of  these  materials  precluded  a 
conventional  approach  for  study  of  the.«e  commodities.  The  special  study 
included  an  examination  and  evaluation  of  geologic  reports  from  the 
University  of  Texas,  the  Stanford  report  prepared  for  the  Trinity  Improve- 
ment Association;  the  traffic  study  prepared  by  the  Trinity  Improvement 
Association,  and  reports  and  reference  material  by  the  United  States 
Bureau  of  Mines.  In  addition  field  survey  teams  contacted  Texas  State 
Highway  officials  and  engineering  personnel,  numerous  companies  dealing 

in  sand  and  gravel  throughout  the  area,  and  large  consumers  of  these 
materials  to  determine  how  these  materials  are  now  moving,  the  transporta- 
tion cost,  present  sources  of  supply,  the  estimated  life  of  these  deposits, 
and  the  destination  of  these  materials  Data  developed  from  the  foregoing 
sources  were  utilized  in  s reaul remert  study  to  Identify  the  nature  of 
the  market  for  these  materials  Co.nvent lonal  studies  were  then  conducted 
on  a comparative  transportation  cost  basis  of  alternate  sources  of  these 
materials  on  the  Trinity  River  The  findings  of  the  special  sand  and 
gravel  study  are  that  over  32  million  tons  of  sand  and  gravel  and  over 
36  million  tons  of  crushed  stone  were  produced  in  Texas  in  1958.  Resources 
developed  in  the  special  study  Indicate  a reserve  of  about  639.6  million 
tons  of  sand,  gravel,  and  stone  available  at  several  locations  on  the 
Trinity  River.  Requirements  estimated  for  these  materials  in  the  tributary 
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area  arccunt  to  ever  6 trillion  tons  arnually  in  the  Dallas-Fort  Worth  area 
and  over  4, 7CCpOCC  tons  anrualiy  ir  the  Houston-Galveston  area.  The  quan- 
tities of  these  ips.teriels  accepted  as  prospective  waterway  traffic  amount 
to  2^934,000  tons  for  the  study  of  the  channel  to  Fort  Worth.  The  reserves 
are  considered  to  be  adequate  to  meet  the  demand  for  these  materials  over 
the  life  of  the  project  Reserves  cf  sa.'.d,  gravel,  and  stone  were  identi- 
fied and  estimates  were  made  of  the  pactern  of  use  of  these  materials  both 
in  the  Dallas-Fort  Worth  area  and  the  Houston  area.  Traffic  in  these 
commodities  was  estimated  or.  the  use  of  deposits  nearest  the  market  areas 
and  moving  to  more  distant  reserves  as  the  nearer  supply  points  become 
depleted.  The  average  savings  are  estimated  on  the  basis  of  the  difference 
in  weighted  average  costs  of  transportation  from  presently  available  alter- 
native sources  having  the  lowest  trs.nsportH.t ion  costs  by  truck  or  rail 
and  the  weighted  average  costs  of  moving  sard,  .;ravel,  and  stone  by  water 
from  sources  on  the  Trinity  River.  The  annual  savings  in  transportation 
costs  of  the  movement  of  sand,  gravel,  and  stone  are  estimated  at  about 
$764,000  for  the  channel  terminating  at  Fort  Worth,  Texas.  The  average 
unit  saving  amounts  to  about  26c  per  ten. 

196.  A special  study  was  a^so  ma.de  of  grain  traffic.  The  movement  of 
grain  sorghums  (mllo)  and  wheat  is  governed  by  factors  not  ordinarily  in- 
volved in  the  movement  of  general  commerce.  Detailed  data  on  the  producing 
areas,  quantities,  origins  and  des tl.natiors  in  the  movement  of  grains,  and 
the  method  and  cost  of  tr erispor tation  .now  used  were  developed  by  a special 
field  canvass  of  producers,  elevator  operators,  brokers  and  shippers. 

These  data  were  analyzed  to  establish  production  and  distribution  patterns 
for  wheat  and  mllo,  and  to  determi'na  vhac  portion  of  the  5,654,000  tons  of 
wheat  and  7,646,000  tons  of  mllo  produced  in  Texas  and  Oklahoma  is  exported. 
The  special  study  on  grain  is  limited  to  expert  grain  since  it  was  determined 
that  export  grain  Is  the  component  of  the  overall  grain  movement  that  is 
susceptible  to  waterway  movetrent  An  allocation  was  made  of  wheat  and  ratio 
to  the  transportstion  system  that  moves  the  export  grain  to  establish  the 
portion  moved  by  truck.  Findings  of  Che  special  grain  study  Indicate  that 
about  2 million  tons  of  these  co.-rinocitles  would  move  through  the  ports  of 
Houston,  Galveston,  and  Fort  Arthur,  Texas,  and  that  truck  transport  is 
the  most  economical  alternate  method  of  movement.  To  determine  truck  haul 
costs  to  Fort  Worth  ar.o  DallaSi  published  truck  rates,  independent  trucking 
costs,  and  unregulated  truck  charges  obtained  from  the  grain  shippers  and 
truckers  were  used  to  construct  a scale  of  mileage  rates  for  application 
from  producing  points  of  origin  to  Gulf  ports.  The  study  indicates  that 
about  22  percent  of  the.  total  grain  shipme-ts  to  Texas  ports  in  1958  was 
transported  by  truck  at  an  average  saving  of  $1.76  per  ton  under  comparable 
rail  rates.  Since  the  constructed  truck  rate  offers  a more  conservative 
rate  for  measuring  waterway  benefits,  these  rates  were  used.  Estimates 
of  savings  on  1958  grs.lr.  traffic  amount  to  about  $2,428,000  on  traffic  to 
Fort  Worth  and  about  $2,140,000  on  traffic  to  Dallas^  Texas.  The  findings 
of  the  special  grain  study  relative  to  the  truck  movement  of  grain  were 
corroborated  substantially  by  e report  entitled  "Competitions  in  Grain 
Transportation"  presented  *t  the  Purdue  Marketing  Clinic,  Purdue  University, 
by  Robert  C.  Haldeman  of  the  Trensoortat ion  er.d  Facilities  Research  Division, 
Agricultural  Marketing  Service,  U b.  Department  of  Agriculture,  on 
24  February  I960. 
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197.  BASIC  ASSUMPTIONS.-  Prospective  commerce  developed  by  the  traffic 
study  was  accepted  on  the  basis  of  the  following  assumptions: 

a.  That  a minimum  navigable  depth  of  12  feet  for  year-round 
navigation  would  be  available  on  the  proposed  waterway. 

b.  That  adequate  cotrimon- carrier  and  contract- carrier  barge 
service  would  be  established. 

c.  That  adequate  terminals  would  be  available  at  all  important 
shipping  and  interchange  ports  . 

d.  That  joint  traffic  would  move  on  port-to-port  rates  with 
transfer  charges  and  rail  or  truck  charges  added 

e.  That  reasonable  and  compensatory  rail  or  truck  charges  would 
be  established  between  river  ports  end  inland  shipping  or  receiving  points 
for  joint  traffic  where  substantial  traffic  movements  are  indicated. 

198.  BASIC  RATE  STUDIES.-  Initial  traffic  developed  for  the  Trinity 
River  project  was  subjected  to  screening  to  eliminate  all  commodity  move- 
ment not  considered  as  sound  potential  waterway  traffic.  The  balance  of 
the  prospective  traffic  was  then  subjected  to  a detailed  analysis  of 
applicable  rates  and  charges  to  ascertain  the  lowest  transportation 
charges  via  available  alternative  routes.  These  rates  and  charges  were 
then  compared  with  estimated  rates  and  charges  for  shipment  in  connection 
with  and  via  the  proposed  Trinity  River  route  Where  portions  of  the 
joint  land-water  hauls  of  the  alternative  routes  involved  movement  of 
traffic  via  such  currently  authorized  waterways  as  the  Arkansas  and  Red 
Rivers  via  the  proposed  Trinity  River  route,  probable  ports  of  inter- 
change were  determined;  and,  as  there  is  neither  present  traffic  nor  rate 
structure,  constructed  rates  and  transfer  charges  were  used  in  arriving 
at  the  total  transportation  charges  . These  constructed  rates  reflect  the 
average  revenue  level  applicable  to  similar  traffic  moving  in  regular 
volume  between  points  representing  identical  distances  within  the  same 
general  area.  The  fact  that  so  many  exempt  commodities  for  which  rates 
were  either  unknown  or  unpublished  were  handled  by  water  carriers  made 
constructed  rates  necessary  for  the  water  portion  of  the  hauls.  The  con- 
structed rates,  applied  to  the  waterway  movements  of  traffic,  reflect 

the  weighted  average  level  for  like  hauls  and  like  distances  on  other 
comparable  operating  waterways,  based  upon  extensive  studies  of  barge 
operating  costs  and  services  on  these  waterways.  Transfer,  handling, 
switching  or  trucking  charges  used  where  plant  locations  are  not  directly 
accessible  to  the  water  routes,  reflect  the  average  level  of  such  charges 
applicable  to  the  same  commodities  at  existing  regular  interchange  points 
or  ports.  These  charges  are  based  on  an  examination  of  available  pub- 
lished tariffs  and  terminal  operators'  data  where  similar  transportation 
conditions  exist  at  the  principal  ports  along  the  Gulf  Coast,  the 
Mississippi,  Ohio,  Illinois,  Cumberland,  Trinity,  and  other  waterways. 
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199  . UNIT  TRANSFORTATICN  SA\/INi,o  - The  unit  saving  on  each  commodity 
movement  was  computed  as  the  difference  between  estimated  transportation 
charges  from,  origin  to  destination  via  the  proposed  Trinity  River  waterway 
and  charges  via  the  least  expensive  alternate  practicable  route  available, 
regardless  of  whether  or  not  the  shipper  actually  uses  the  alternate  route, 
such  as  rail,  truck,  pipeline,  existing  and  authorized  waterway  routes  or 
combinations  thereof  Transportation  costs  via  the  proposed  waterway 
include  the  port-to-port  rete,  transfer,  switching  and  overland  charges  in 
comparison  with  the  costs  of  a point-to-point  movement  of  a commodity  now 
carried  by  existing  tre.nspcrtet ion  facilities 

200.  WATER  CARRIER  RATES.-  Ws.ter-c4.rria”  rate.s  applicable  to  barge 
transportation  on  the  proposed  waterws.y  and  avfi’sble  alternatives  and 
feeder  systems  were  derived  from,  a study  of  the  1958  vessel  costs  and 
operations  of  a large  group  of  common,  contract  and  private  carriers  using 
the  Mississippi;  Ohio;  Illinois,  and  Cumberland  River  systems  as  well  as 
the  Gulf  Irtracoastal  Waterway,  Estimates  of  these  rates,  adapted  to  the 
proposed  waterway,  include  &,1  Icwsr.ces  for  investment  in  equipment  and  the 
annual  operating  costs  incidental  to  providing  waterway  transportation  for 
the  commerce  estimated  for  the  proposed  wate~way.  These  annual  costs 
Include  profit,  amortization  of  investment,  interest,  maintenance,  operat- 
ing overhead,  plus  sn  allowance  for  down  time  for  repairs.  The  constructed 
rates  are  based  on  the  use  of  tow  beats  ranging  from  600  Co  800  horsepower 
moving  a tow  of  three  35-  by  195-fcot  barges  on  the  project  channel  to 
Dallas  and  a 4CC  horsepower  towboat  m.oving  a tow  of  two  26-  by  175-foot 
barges  on  the  project  channel  between  Dallas  snd  Fort  Worth,  Reserve 
equipment  for  operating  cent  i:, get. cies  is  also  included  Estimates  of 
barge  transportation  cost  crcvlde  for  the  dlssssemibly  of  the  units  making 
up  the  tows  on  the  proposed  waterway  sne  the  reassembly  of  these  units 
into  larger  tows  in  the  vicinity  oi  Fort  Worth  for  further  movement  below 
Dallas  to  the  Gulf  Intraccet tal  Wc.tervay  Line  haul  rate  factors  for  the 
proposed  waterway  were  developed  from  an  snelysls  of  the  costs  of  operating 
a fleet  of  towboats  of  sufficient  capacity  to  transport  the  tonnage  com- 
prising the  prospective  cottir.erce  Tne  line  haul  rate  factors  used  in  the 
traffic  study  reflect  the  estimated  tine  schedule  on  the  waterway,  including 
allowance  for  lockages  and  barge  ter^iral  time  Carrier  charges  for 
alternative  raovem.er.t  over  authorized  but  not  yet  constructed  waterways 

for  computing  combination  rates  were  derived  in  a similar  manner. 

201.  V.GMBINA.T ION  RATES.-  The  estimated  rates  on  waterway  movements  of 
comnusdities  from  origins  or  to  destlr.aticns  that  are  beyond  the  port 
switching  limits  include  all  accessorial  charges  such  as  cost  of  transfer 
between  barge  and  rail  cj.rs  or  trucks  and  switching  or  drayage  charges  to 
or  from  shipping  points  within  the  po.'t  area  net  directly  accessible  to 
waterways.  The  appropriate  rail,  trick,  or  pipeline  rate  between  the  port 
and  Interior  origin  or  dee 1 1 nation  were  added  in  those  movements  outside 
the  port  switching  limits. 

202.  Combination  rates  Include  the  estimated  charges  for  cargo  handling 
divided  between  barge  and  rail  car,  truck  or  pipeline  transportation.  The 
transfer  charges  were  based  on  pnbilehed  tariffs  In  effect  at  existing 
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terminals  on  the  wacerways  to  he  coi.iiect  ed,  or  on  cost  records  maintained 
for  industrial  termtnsls  There  were  about  2,000  tariffs  and  65  terminal 
cost  records  examined  during  ttie  field  study.  In  some  movements  the  actual 
transfer  cost  for  the  specific  nnvement  was  furnished  from  the  shippers' 
company  records  Handling  charges  ranged  from  $.29  to  $1.1  A according  to 
the  commodity  and  the  load  capacity  and  type  of  rail  car  used  for  the  move- 
ment . 

203.  Switching  charges  between  plants  and  river  terminals  were 
estimated  from  data  available  in  published  tariffs  on  principal  ports 
along  the  Texas  Gulf  coast,  the  Mississippi;  Ohio;  Illinois;  and  Cumberland 
Rivers.  Generally  these  charges  ranged  from  $ 56  to  $1.13  per  ton  accord- 
ing to  commodity  and  load  capacity  of  the  tvpe  of  rail  car  used  for  the 
movement.  In  traffic  movement  between  river  p ;'"ts  and  inland  points, 
published  rates  were  applied  unless  large  volume  movements  were  Indicated. 
Where  there  is  little  or  no  present  traffic  and  class  rates  only  prevail, 
commodity  rates  were  constructed  between  points,  with  a prospective  large 
volume  movement  on  the  proposed  waterway,  by  applying  comparable  rail  or 
estimated  trucking  charges  between  *hese  points  Officials  of  common 
carrier  motor  lines,  truck  rental  services,  and  contract  truckers  were 
interviewed,  and  specific  truck  rates  were  studied  to  derive  estimated 
trucking  charges  and  average  ten-mile  rates  for  truck  transport. 

20A . OVERLAND  RATES  - Rail,  truck  and  pipeline  rates  used  in  this 
study  were  obtained  from  tariffs  in  effect  as  of  December  1958,  In  some 
coimodlty  movements  actual  truck  charges  were  obtained  from  shippers' 
records  In  those  cases  where  s class  rate  only  applied,  a commodity 
rate  was  constructed  from  comparable  avaiiaole  commodity  rates  between 
similar  points 

205-  PATE  ANALYSIS  - All  of  the  estimated  prospective  traffic 
accepted  for  analysis  was  analyzed  on  specific  movements  of  coimnodit les . 

Each  commodity  movement  was  entered  on  detailed  rate  analysis  (DA)  sheets 
for  computation  of  unit  savings.  The  analysis  sheets  contain  information 
on  commodity,  origin,  destination,  annual  tonnage,  overland  rates, 
estimated  barge  rate  or  combination  rate  via  the  Trinity  River,  and  the 
lowest  available  alternative  as  well  as  the  authority  for  freight  rates 
used . 

206.  accepted  waterborne  COMMERCE,  1958  CONDITIONS  - There  was  a 
total  of  about  A5  million  tons  of  traffic  reported  by  shippers  and  receivers 
to  the  field  surveyors  A sumrvry  statement  by  coimnodit les , of  all  tonnage 
estimated  collected  from  all  sources  of  Infornation  and  tonnages  eliminated 
to  derive  the  1958  commerce  accepted  for  a waterway  channel  to  Fort  Worth 

is  given  in  table  27. 

207,  The  same  procedur®  was  used  to  derive  the  traffic  accepted  for 
all  channels  investigated  Total  traffic  developed  was  screened  and  sub- 
jected to  rate  analyses  in  order  to  determine  the  most  efficient  channel 
size  in  terms  of  benefits  from  savings  to  navigation. 
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KJTnVATSG  0?'  VIVOS,  ACCSPTED  WATERBORNE 
r.MMT'PCE  1958  CONDITIONS 


;ITjERAL  • T^^‘  to' a;  arcepted  traffic  was  analyzed  for  channels 

ranging  in  width  fr  Jir  12y  to  200'  and  depths  of  9 to  12  feet.  For 
convenience' , fAe  12'  x 1%  --  *2'  x 125'  single -purpose  channel  to  Fort 
Worth  i£  used  as  an  e'va.c'ple  in  this  appendix  to  Illustrate  the  details 
of  the  studies  made  on  ea -h  :f  the  enamels  investigated. 

209.  The  single  •purpos':  .navigation  project  for  the  Trinity  River 
between  the  Houston  Ship  annel  and  Fort  Worth,  Texas,  on  which  the 
analyses  of  prospectivf  cciTTOtr'e  are  based,  includes  351  miles  of  channel. 
The  project  includes  a 12'  x 150‘  channel  with  nineteen  84'  x 6OO'  locks 
in  the  312-!rjile  reacn  between  the  Houston  Ship  Channel  and  Dallas,  Texas, 
and  a channel  12'  x 125'  w.th  four  56'  x 400'  locks  for  the  39-mile  reach 
between  Dallas  and  Fort  Worth,  Texas. 

210.  TOWBOATS.-  Towt'iats  used  in  the  single -purpose  analysis  for 
the  12'  X ly)'  section  of  the  channel  range  from  6OO-  to  80O-  horsepower, 
depending  on  the  total  tonnage  of  each  tow,  the  loaded  draft  of  the 
barges,  and  the  number  of  barges  in  the  individual  tows.  Towboats  for 
the  12'  X 125'  section  of  the  channel  would  be  of  400 -horsepower . Curves 
for  c'xnp"ting  tcwbc>at  horsep'^’er  for  several  drafts  on  the  12'  x I5O' 
channel  are  shew-.-;  in  figure  5. 


?11.  The  towboat  should  be  capable  of  a spo.-a  cf  6 *,  •.  a-/erage 

m.p.!,.  ui'bound  and  5 r..p.h.  downbound  on  a IZ'  x 15C  cr,am.':l.  Ari 
fillowaace  of  £5  percent  has  been  added  to  tne  towboat  horsepower  no 
arrive  at  the  required  towboat  horsepower  capacity.  Also,  the  towboats 
are  bracketed  into  the  next  larger  ZCO-horsepower  size.  Towboats  of 
300-horsepowor  w>;re  assigned  to  tows  for  all  conmodiry  groups except 
Group  No.  9 (sand,  gravel,  and  stone),  where  towboats  of  600-ncrsepjwer 
vere  used  for  downbound  mcvenents.  However,  u-OO-horsepower  towboats 
were  assigned  for  all  upbcund  cioveoients  of  sand,  gravel,  and  stone 
because  of  the  sinaller  locks  and  channel  dimerisions  above  fellas.  O.o 
the  12'  X 125'  section  of  channel  between  Dallas  and  Fort  vort:- , towboats 
of  400-horsepcwer  were  assigned  to  all  tows. 

212.  BAi^GEo.-  'Two  sizes  of  barges  were  used  for  the  entire  project. 
Barges  26'  x 175'  were  assigned  to  sand,  gravel,  and  stone  traffic,  ai;a 
35'  ^ 195'  barges  were  assigned  to  all  other  corrjncdities.  On  the  12'  x 
150'  section  of  the  channel  below  Dallas,  all  comodities  were  considered 
to  move  in  3-harge  tows,  in  tandem j except  sand,  gravel,  and  stone 
originating  below  Dallas  and  terndnating  at  Fort  Worth,  wrlch  would  move 
in  2-barge  tows.  On  the  12'  x 125'  section  of  the  channel  above  Dallas, 
2-barge  tows  were  considered  for  all  comraoiities.  Ibie  leaned  drafts  of 
barges  varied  from  6 to  8 feet  depending  on  the  comr.odity  characteristics. 

213.  TOW  SPEEDS  AND  LOCKAGE  TIME.-  Speeds  of  four  m.p.h.  upbound 
€ind  five  m.p.h.  downbound  were  ass’omed  for  all  tows  on  the  12'  x IpO' 
section  belcw  Dallas.  A speed  of  3*5  miles  per  hour  both  directions 
was  ass'umed  for  all  tows  on  the  12'  x 125'  section  above  Dallas.  Tews 
of  3 barges  in  tandem  would  per.Tdt  single  lockages  at  each  of  the  1' 
locks  below  Dallas.  A uniform  lockage  time  of  6C  minutes.  Including 
towboat  set-over,  was  allowed  for  all  commodities  except  sand,  gravel, 
and  stone,  where  a lockage  time  of  45  minutes  was  ailowei  at  each  lock 

on  the  12'  x 15O'  section.  On  the  12'  x 125'  section,  2-barge  tows  wo’uld 
permit  single  lockage  at  each  of  the  four  locks  on  this  reach  of  the 
channel,  and  a uniform  lockage  time  cf  45  minutes  was  all: woe  ‘or  all 
tows.  Lockage  time  is  measured  from  itull  aj)proach  speed  to  resumption 
of  Pull  speed  after  lockage. 

2lii.  BARGEE  AND  TOWBOATS  REQUIRED.-  A total.  01'  iUj  barges  would  be 
required  to  handle  all  traffic,  both  directions,  on  tl'.e  single -purpose 
project.  Thirty-one  26'  x 175'  barges  would  be  required  for  sand,  gravel, 
and  stone,  and  one  hundred  and  twelve  35'  X IP'’'  b.crges  would  be  reqjlred 
for  all  ether  commodities.  A total  of  33  towboats  of  varying  h-orsepower 
would  be  required  for  the  entire  fleet.  This  figure  includes  a 15  percent 
reserve  for  all  tO'  oats,  except  those  engaged  in  the  roov-.men‘.  of  sand 
and  gravel  upbound,  for  which  a 25  percent  reser"ve  whs  considered  more 
reasonable . 

215.  DEVELOPMEM’  OF  BARGS  RATE  FACTORG.-  Methods  used  to  dctcrniine 
the  transportation  charges  vary  with  the  commodities  and  tonnages  to  be 
moved,  the  origins  and  destinations,  and  the  types  of  barges  and  tewboats 
used  are  discussed  in  following  paragraphs.  Two  ^'xa^!plec  of  methods  used 
to  develop  barge  rate  factors  for  the  commodities  acceptel  as  pro6p>ectlve 
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corarorce  are  *;he  ccniputatior.s  f:ir  the  12  y I5O'  channel  to  Dallas  to 
develop  barge  factors  for  Groi-p  3>  Iraine  and  Gra.n  Pr'Oducts,  and  for 
Group  I*,  Iron  and  Steel  Articles,  “hese  eAa"ples  are  as  fellows 

Example  1.  GPAINS  ANC  GRAIN  PRODUCTS  (in  bu.k,  (Group  3J ■ 

MOVSyENT : Povnbour.d,  lallaa  tc  Houston  Snip  Channel 

TOWBOAT  800  - H.P. 

‘ti27.S7  variaole  opera' i.ng  cost  per  hour 
-arLable  reserve  “q^lpnent  cost 
pe  r h our 

OFEFATTONAL  TCVBOAT  ilOD'PS  FSl-  YEAR;  6,280  (3^5  days) 

SPEED:  Upbo'ond  1 T.p.h, 

Downbo’ma  5 !*• 

BARGES  195'x3b'  covered  nopper 

$9,^00  variable  cost  per  year 

IPJMBER  OF  BARGES  PER  T'  Vi . 3 

NET  TONS  CARRIED  PER  EfiFJE  1,200 

BARGE  ITTILIZATION  1,6-2  covered  barges 

BARGE  DRAFTS;  Loaded  6.0  ''eet 

NET  TONS  TO  BE  TPANSPOPTED  2,21C,21u 

LOCKS:  19  locKs,  312  miles 

LOCKAGE  TIME'  One  hour  per  lock 

ROUND-TRIPS;  ^03-33 

ONE-WAY  TRIPS:  210.66 


RUNNING  TIME,  TCWB0A7  H0l<RS . 


Lwvnbrur.d,  one -jay 


62.1+0  hours , 
19.00  hours, 


.00  hours, 
TTIo  hours, 


dovnbound  ® m p h. 
lockage  ’ ime , 19  locks  @ one 
hour  per  lock 
shifting  barges 
towbr^at  running  time 


A 


Pound -trip 


62.40 

78.00 

38.00 

3.00 

2.00 

183.40 


6k. ho 

X 210.66 

17,779.70 


183.40 
X 403.33 
73,970.72 


17,779.70 

73,970.72 

91,750.42 


91,750.42 

15 

13,762.56 


hours,  dcwi'.boiird  @ 5 to  p.h. 
ho'urs , upoouiid  4 n p.h 
hours,  looxage  time,  38  locks  @ one 
hour  per  *ock 

hours,  shifting  barges  at  Dallas 
hours,  s.nittlng  barges  at  destination 
hours,  towbfiat  running  time 

Summary  towboat  hours 
One-way 

hours,  tcrwuoat  run.ning  time 
trips,  nu-mber  of  one-way  trips 
hours,  total  towboat  running  time 

Round-trip 

hours,  towt'oat  r’unning  time 
trips,  n'jraof’'  of  round -trips 
hours,  total  towboat  running  time 

Total  annual  towboat  hours, 
one-way  and  round-trip 

ho’urs,  one-way 
hours,  round-trip 

hours,  total  towboat  hours  required  to  move 

2,210,214  net  tens  of  grains  and  grain  products 

Towb'~>at  reserve  equipment  hours 

hours,  towi?'i8t  operating  time 
percent  reserve 

hours,  teal  towboat  reserve  equipment  hours 


TOWBOATS  REQUIRED  FOP  CONST ATIT  OPERATION. 


Towboat  operating  hon- 3 91,750  = 11. 08 

Towboat  hours  of  operation  f ,28ti 
per  year 

11.08  towtroats  required  for  constant  operation 


BARGE  RBQirERE>tENTf  • 


11.08  towboats  utilized 
X 3 barges  per  t.ow 

33-24  barges  required  to  haul  2,210,214  tons  of  grains  and 
grain  products 
9.76  reserve  barges 

43.00  total  barges  required  for  the  fleet 


FLEirr  opepjMIno  cost. 


91.7t^O 
X $ 27-67 
12,557,073 


13,763 

X $7.24 
$ 99,644 


$ 9,400 
X 43 
$4('A  ,200 


•'te,  557,073 

99,644 

404,200 

$3,060,917 


Z ~a*'  .a'3l op«rra‘lng  cost 

hours  , *. ct»  A ' po  r a ’ i np;  ‘ ■ "ir 
variable  vst,  per  hour 

tc'^al  varA  ‘..ou'  Ciat.  ' ost 

lovb  ,at  reser'/e  equipnen*:  cost 

hours,  *ntai  tcvir^a*:  reserve  time 
variable  t,ovt  ia‘  reserve  eq,ulpn!prt 
cost  per  hour 

total  varlaoie  reserve  towb jat  cost 


•>arge  cost 


varial le  targe  . os^  per  year 
number  of  barges  re:iuir»^d 
total  van  able  barge  cost 

Su-TT'ary  t'Ovtu^t  and  > arge  costs 

variable  ttivirat  cost 
variable  reserve  townoat  cost 
variable  barge  cost 
total  towboat  and  targe  cost 


TOTAL  TON -MILES. 


2,210,214  net  tons  x 312  miles  = 669.586,768 
commodity  ton -miles 

MILL3  PER  TON -MILE; 


Total  fleet  cost  $3,060,917  ^ ,$C  004438 

Commodity  ton-miles  6iVl,  bcv  , 768 

4.44  mills  per  ton-miie  for  2,210,214  net 
tons  of  bulk  grains  and  grain  products 

Example  2.  IRON  AND  OTEEL  A.RTICLE5  (Group  4' 

MOVEMENT : Upbo'ind,  Houston  Ship  Channel  to  various 

destinations 

TOWBOAT : 80O  H,P. 

$27.87  variable  operating  cost  per  hour 
7.24  variable  reserve  equipment  cost  per 
hour 


r 


ri:-],.: 


■A 


OP^"''’IONAi 


b.28<  .lays) 


SFEffi:  ijpDou^.'l,  ‘t  ”■  p n. 

licvnbour'd,  ■ m dp. 

BARGES : 19 5 ' 9 ' i 

$9A0C’  v8Tia''i.=-  covert.vi  barge*  coat  per  year 
\9b' : '.ppn 

'■^■b/cOQ  va-'ia^le  epen  barge  rcsl  p-*r  year 

N'^JVBEP.  OF  B;\?.G-.b  PBK  T-'*V:  '3 

R'gr  TONS  F I-AFGS.  TO*: 

BARGE  UT: IIZATTO?; ; 5^8  cohered  : argeloaJs 

4 >9  open  rargelcjads 

BARGE  DPAFI".'.  T/^aded  ’.o  7-0  :e<-P 


NET'  TONS  TO  BE  T’^A^SI'P^rEG:  709.i?20  to.ns  of  iron 

and  steel  articles 


2,500  tons  to  Riverside,  round-trip 
9,200  tons  to  Rosser,  round-trip 
500  t*ons  to  Tnnidal,  round-trip 
85,92c  tons  to  Oaiias,  round-trip 
611, 100  tors  to  Oalias,  one-vay 
'709,220  total  tons 

LOCKS-  7 locks  to  Riverside,  I30  t.1  les 

11  locks  to  Rosse-,  2**0  .rales 

12  locks  to  TriniJad,  ,?55  miles 
19  locks  to  ;ia;’.as.  jlil  riles 

LOCKAGE  TIME;  1 hour  p“r  lock 

ROUND -TRIPS;  1.00  to  Riverside 

1.33  t<‘.  Rosser 
. 3 i to  Tt  i ril  lad 
A 1 . Qty  to  Dallas 
t . C t ■ t o T a ; r ovin  d - 1 r i p s 

ONE-WAY  TRTFS;  291.00  ;<•  rei’au 

RUNNING  TIKE  TOWBOAT  R'OtniS. 


Round-trip  to  Riversid»- 


32. 50  hours, 

26.00  hours, 

14.00  hour.s, 
2.00  hours , 

7^. 50  hours, 


upD'r.ind  @ u r.p.l;. 
d'''vnhound  ('?’  t ra-p-h. 

lockage  tire,  l4  io.-ks  1 ho'ur  per  lock 
shifting  larges 

say  7Ji  hears,  tovnoat  ro'ond-trip  time 


!?ounJ  -trir 


60.00  hours,  upr.'.uriti  " - r p.’- 
u8.00  hours,  dow’. ■ nil  • ,■  rr  r n 

22.00  hours,  iC' ka,^  tir  • 22  lurks  1 hour  per  lock 

2 ■ 00  hcu: s , shift’ np  i a rrcs 

132.00  hours,  •-'•u-  ’a’  z jr..:-:,r.p  tire 

Pound -trip  to  ! r 1 r:  iad 

63.7s  hour.",  upcc\ind  d n p.h 

51.00  hours,  lcv;,t:> 'ur.l  • r.p  r; . 

2d. 00  hours,  rcckag.,-  ti.".'  c-  locks  ^ 1 hour  per  lock 

2.00  nours.  sh:!’,'ng  barges 
Ido. 7 5 hours  , t :iwl>';>st  roum-tri.p  tiroe 

Rouna -trip  to  T« i ,as 

76.00  hours,  upbour.d  ® t m p.h. 

62. do  hours,  dowi.b'.'und  ■’  5 n-p  h 

36.00  hours,  Icc.ore  time,  30'  Lo'-ks  ® 1 hour  per  lock 

3.00  hours,  shifting,  barges 
iei.do  hours,  towboat  rounu-'rip  trir'e 

One-way  trip  to  _0a  lia.s 

78.00  hours,  upb.ur.ii  ® ^ ir  p.h 

19.00  hours,  lockage  tir,>,  19  locks  ® 1 hour  per  lock 
1 . 50  hours,  shil  ting  bargr-s 

98. 50  hours,  towboat  one-  ry  trip  time 


3U:-IftARY  TafPOAT  K0UF9 


Pound-trip  to  Riverside 


75.00  hours  - tow'joat  running  time 
X I.OO  trip  - namber  of  round -trips 

75-00  hours  - total  towboat  running  ti.me 


Round-trip  to  Rosser 

132  00  hours  - towr.oat  ru.mlng  time 
X d . 33  trips  - numb’-r  of  rcurd-trips 

572.00  hours  - total  towboat  runni.ng  time 


Round-trip  to  T rin l_d.a d 

Ido. 75  hours  - tout  oar  running  time 
X 33  trip  - number  of  round -trips 
~^7.00  hours  - totai  towhrjal  r’.innlng  time 


I^ound-^rit>  to  r.nllaa 


i8i  'lO  hours  - towboat  running  time 

Uj.OO  trips  - namber  of  round -trips 

t',437 .00  hours  - ' •.'tai  towbrvit  runninc  time 


One-way  trip  to  Pallas 

98  5C  hours  - towDoat  runninfj  time 
X 291  00  trip;  - number  of  one-way  trips 

00  hours  - ♦ttai  towboat  running  time 

Total  ennon ! t'wbaat  hours,  one-way  and  round -trip 


75  00  hours 
572-00  nours 
h'l’ .00  hours 
7,437.00  hours 
28,6614  00  hour  s 
3<^',795  00  hours 


round-trip  to  Riverside 
round-trip  to  Rosser 
round-trip  to  Trinidad 
round-trip  to  Dallas 
one-way  to  Dallas 

total  towboat  hours  required  to  move 
70^*, 220  net  tons  of  iron  and  steel  articles 


Towboat  reserve  equipment  hours 


36,795-00  hours  - total  to-vboat  operating  hours 
X 15  - p*’r  eat  reserve 

5, ‘>19-00  hours  - total  towboat  reserve  equipment  hours 


T0V130ATG  REqUIRKD  FOR  CONSTANT  OPl-y.ATIONS : 

Towboat  operating  hours  36 , 79 5 = h.UU  towboats 

Towbaat  hour,  of  operations  c ,260 
per  year 

k JiU  towboats  requi  ■'ed  for  constant  operation 
BARGE  RPQUT RmENTS  ■ 


<t  hh  t'jwboats  utilizer! 

_ tiumber  of  barges  per  tow 

i3-  V'  barges  needed  to  haul  709,220  net  tons  of  iron 
arid  Steel  arti’les 

lj.f2  barges  required  lor  constant  operation 
12  00  reserve  barges 

25.32  -say  26  total  barges  required  lor  the  fleet 

FLEET  OPEfrATTNO  COllTS . 

Towboat  variab le  operating  cost 

36,795  hours,  total  operating  time 

X .'|>27 • 87  variable  towbiat  operating  ixist  per  hour 

-■^i ,025,^76.65  total  variable  operating  cost 


Tcvboat  reserve  equipment  cost 


'),519’00  hours,  total  towboat  reserve  tine 
X ,>7 ■ 2k  variable  tovboat  reserve  equipment  cost  per  hour 
$39,9!j7  total  variable  towboat  reserve  equipment  cost 

Barse  cost 


$Q,^00  variable  covered  barge  cost  per  year 
X 1^  naciber  of  covered  barges  required 
^131,600  total  variable  covered  barge  cost 

$8,200  variable  open  barge  cost  per  year 
X 12  number  of  open  barges  requi red 
$o6,i*00  total  variable  onen  barge  cost 


Summary  towintat  and  barge  costs 


$1,02^, <177 
39,9^8 
131,600 
98,400 
?i;299>35 


towDOat  operating  cost 
towbr.jai  reserve  cost 
covered  barge  cost 
open  barge  cost 

total  variable  towboat  and  barge  cost 


TOTAL  TON -MILES: 


2,^j00  tons  X 130  miles 
9,200  tons  X 240  miles 
bOO  tons  X 25u  miles 
697,020  tons  X 31?  miles 


= 325,000 

= 2,208,000 
= 127,500 

=217,470,240 

220, 130, 7^*0  commodity  ton-miles 


MILLS  PEN  TON-MIIE: 


Total  fleet  cost  $1,295,435  =$0.00588 

Commodity  ton -miles  220,130,740 


5.88  mills  per  ton -mile  for  709,220  net  tons  of  iron 
and  steel  articles 


216.  BARGE  RATE  FACTORS.-  The  commodities  comprising  the  current 
prospective  traffic  for  the  si ngle -purpose  project  were  allocated  to  eight 
commodity  groups  for  developing  barge  rate  factors.  Barge  rate  factors 
for  connecting  waterv/ays  are  assumed  to  be  the  same  for  all  channels 
investigated.  The  barge  rate  factors  developed  for  each  commodity  group, 
by  direction  of  movement  for  the  single  nuroose  project  are  shown  in 
Table  28 


TAR!£  28 


CH.'VMEL  TO  FORT  WORTH 


EOTIf-IAPED  B/VRGE  RATE  FACTORS  FOR 
CONSTRUC^’inO  BAI^GE  LINE -HAUL  RATES  \j 


BY 

COMf^ODITY 

GROUPS 

Group 

Variable 

factors 

Constant 

factors 

No. 

Item 

Upbo'ond 

Dovnbound 

Upbound  ; 

Downbound 

1 

Petroleum  4 products 
(liquid,  bulk; 

'’ml  lls/ton-mile ) 
4.07  4.96 

(cents/ton) 

34  34 

3 

Grain  & products  (bulk) 

None 

4.50 

34 

34 

h 

Iron  & steel  articles 

;,.^14 

4.24 

34 

34 

5 

Sulphur,  ores  8;  dry 
chemicals  (bulk) 

4.  W 

3 62 

34 

34 

7 

Scrap  iron  & steel 

None 

4 69 

34 

34 

8 

Commodities,  N.O.S 

9 99 

6.  19 

34 

34 

9 

Sand,  gravel  & stone 

5.90 

16 

Sand  & gravel 
Stone 

11  01 
8.94 

.06 

.22 

10 

Liquid  chemicals  & 
other  liquids 

6.10 

None 

34 

34 

\j  To  construct  a barge  rate  per  ton,  multiply  the  commodity  group  factor 
in  mills  per  ton-mile,  according  to  direction  of  movement,  by  the 
distance  traversing  the  Trinity  River,  and  add  the  constant  factor  per 
ton.  The  constant  factor  is  to  be  used  only  once  in  constructing  a 
rate  from  origin  to  destlnatlonj  regardless  of  the  number  of  waterways 
involved  between  origin  and  destination. 


Ill- 1?6 


A 


217.  CURRKNT  PROSPECTIVE  COMMERCE  - As  indicated  in  table  28,  if  the 
waterway  had  been  available  in  1958,  some  6,921,586  tons  of  barge  adaptable 
traffic  could  have  been  transported  thereon  at  a savings  in  transportation 
charges  estimated  at  $9,85^,000  L'pbound  traffic  amounts  to  2 , 394  , 000  net 
tons  with  $5,371,000  savings  and  downbound  traffic  amounts  to  4,528,000 
net  tons  with  $4,483,000  savings  The  most  significant  traffic  included  in 
the  total  traffic  accepted  are  2,210,000  tons  (32  percent)  of  downbound 
grain;  2,934,000  tons  (42  percent)  of  up- and- downbound  sand,  gravel  and 
stone;  709,000  tons  (10  percent)  of  upbound  iron  and  steel  articles  and 
pipe;  and  314,000  tons  (5  percent)  of  downbound  iron  and  steel  scrap  The 
total  prospective  commerce  is  shown  by  commodity,  annual  tonnage,  direc- 
tion of  movement,  and  savings  in  transportation  charges  in  table  29 
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TABLE  29  (COr^T'D) 
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A^^ly3IS  OF  FKCSFErriVi;  A-jlysia  of  the  results 

of  tF--  'r5tfi  Lr'-ev  .'.’’dlc'tes  thf'  thr  trA--t  pc.'tto'’  of  the  prospec- 
tive ccrT.er.e  uocld  corsijt  cf  r -jurod'.  t if*  ;h?'  wccld  rorm#''v  move 
i*"  hulk  pei're  •;  of  the  vpbo  , ■>d  ‘raffle  origirates  on  the 

OF  lo  d eprpr  M:i’-.  = sicpi  Rivers  «"'d  tncutr.tie*  IC  percent  originates 
or,  the  G'j  1 1 Cc-s:  s>;:  t Nev,  Orlss"'-  with  t^e  ■'err.iinder  shipped 

frCT  the  it-r  c-d*  »t  e t-ide.  --ess  of  the  lex-*-  &c  1 f reist  I'pbound 
fr’fftc  uouid  'erm^->?'e  < * Oilias  a-d  Fort  Wc-th  Most  of  the 
dcw'oov'd  : t s f f T wccld  ter'fi’'a*e  slcng  the  Guit  Coast  west  of  New 
Grie  e;t*'tr  for  dt-estir  or  tor  export  through  the  ports 

of  4ou‘t:-'  .-'-d  G^lvestor 

tl9  l^e  tatic  over-all  commerce  is  1 to  1 9 with  the  dowr.bound 
c^mniercc  bei-g  tbs  greater  of  the  ■ vo  ”OveTie'.ts  T*'e  estimated 
w terway  c-rr;et  rstes  were  weighted  to  reflect  the  differential 
ircveme’-t 

..0.  *■  'now-,  in  tslle  2^.  a total  of  lit*  separate  commodities 

were  reported  in  the  field  . ot  rrxffic  Analyses  of  the 

reported  tisffic  to  develop  'he  estim^ated  p-ospectivc  commerce  for 
the  s I'.gl  e • pur  po£  e project  derived  the  ec.epted  comrerce  of  43 
wOmir.od  i ' 1 es  c onsol  Id- t ed,  according  to  cormctlity  a."d  direction  of 
movement,  into  9 ir.ijcr  classifications  of  c ommod:.  r les  as  shown 

! rv  * a.b  1 n , 

Til  A detailed  discussio-'  of  the  ccirmodi  t les  accepted  as 
prospective  cc-merce  is  presented  in  t*"?  er?_lng  paragraphs  The 
detailed  dt-ccssion  is  ba^ed  on  the  single  purpose  waterway  terminat- 
ing it  Fort  Wer'h^  Texas  for  ready  corr.par i son.  and  discussion  with 
t^e  traffic  claimed  by  the  local  interests  Further,  accepted 
traffic  or  all  channels  investigated  is  essentially  the  same  as 
the  accepted  rratfic  to  Fort  Worth  The  primity  difference  is 
rhe  quantities  of  co'rarod i t les  accepted  rather  than  the  kinds  of 
commodities  concerned.  Therefore,  the  derailed  discussion  in 
the  following  paragraphs  Is  appropriate  to  all  studies  except  in 
the  tonnages  involved. 

122  ANIMAL  AND  ANIMAL  FHODUCTS  - INEDIBLE  - Iteir.s  in  this  classi- 
fication Include  fish  meal,  fish  scrap,  s-.d  seashells  Local  interests 
list  8,000  tons  of  fish  meal  and  44C,CC0  tens  of  seashells  as  upbound 
traffic  »-d  4,6b.'  tons  of  a-lm«i  products  n , e c as  downbound  traffic. 
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aS'Uired  rhit  .r.f€rr>:  •-  \e  ;•  .udt  J se^  J’.e!!-  no-’  mov-ng  over  the 

cha"'nc!  to  liber'v  In  thc-ir  e : n • ^ e ^ re  f.<-tir.g  tr-iffic  in  tne 
channel  'o  Mhertv  tonsidf.re'J  - f.  -.redi'  iie  to  the  tx.'iting  project 

Therefore  none  of  triffic  tr  cccp'-td  »i  pro'pec'ive  traffic  o”  the 

waterway  prop.iseil  tot  t^’.e  T.initv  «’vor 

22  3 Abojt  >C  COC  tons  o:  f:  ' n r i- - •••;’  fi^h  scrao  reported  in  tlie 

traffic  cnnvrS”  were  drvel'-pri'  tor  r-ic  --  Thefe  conjr.cdit  i es 

originate  at  tV*'  two  Merl-idf.i  pre.e-  ir?,  ( ’’nts  ■«.  Tort  Arthur  a-'d 
Sabine  Pass.  lexss,  ar.l  fr-'tr  iT.oortb  • i h.  'lea  I ,i<  iiouKtor  ’Texas 
Analysis  of  this  tr’ffii  'li^  .l  :'j-  i-.-  3 TOO  ton--  of  fish  ’’'eal 

r>ove  in  sirall  lots  to  di  .per'-ed  poin'-.  t-  itxss  ind  woo  1 d not 

realize  a saving  frotr  wste-w'v  I’ove.'r.er;  i’-c  reraining  3I,&00  tons  ir.ove 
frt'iti  these  points  to  1 .rge  fer’.ir.’ei  i Fr-rt  ’r/orth  Texas  and 

would  realize  an  ar>r.usl  taving  .'i  anoet  ‘>-c‘  ’-fC,  or  t.  ■ '.verage  ’amt 
saving  of  about  SI  .56  I'er  t 

22d  Seasbf-lls  reported  .oout  1 52b  OCO  tons,  of  which 

209.000  tons  were  dcvelopen  for  fuiihe-  .ma'.ysi-  I-xclading  'he  seashells 
moving  over  the  exist  ing  channel  t .•  'iberry,  mo  t ol  the  seasheli  movement 
was  through  the  per'  ot  Hcj'-r-^n  ic  icattereo  iniind  point'^  These  mo’^e- 
nents  could  not  move  via  the  irinitv  River  -t  > savin,,  The  movement  of 

31.000  tons  of  .seasheits  from  I'ou'ton  ’o  *eed  mil!"-  ir  Pall-as  ’Tex^s  for 
processing  into  poultry  grit  was  accepted  i - oro.-pet  t i ve  t’sfti.  and  would 
realize  a saving  of  about  SrO.OOO  or  an  average  i.aving  of  shiiut  S / 55 

per  ton 

'’s5  VtOETARLE  FCOt)  PROOt’t  . ? A^J  RKVERACEi  ■ Thoi  c ..  .»  trt  .l  of 

I,  list*, 000  to"s  of  these  rommod  1 1 1 e-  mperted  h\  the  local  erects  Ihey 
include  Molas.ses  and  S.’rup.-  Cuttse  t;rr,rs_  Sugi*  i sn>’ei  : ( snred 

Goods.  Reer,  and  Food  Produc  i s Ihe  toi*!  tonr..agf  or  i pi.  i t ■.  miirled 
on  the  traffic  canvass,  including  the  pr  odi:': ' r e p.  r 1 1 d n . i j..  a 1 . ■ t er  e.  > s , 
amounts  to  about  7 000.000  ton-.  Ptin’iv  Hrilv-*.  <U-veloi).  .\b.>ui 
^^928^000  tons  of  accepted  traffic  on  th»se  ..emmou  i t 1 1 *•  t.»'  .t  i >er  rate 

analysis  As  disc’issed  in  ptrigrap’  i>#b  abcut  1 u 11  0-/'l  • ons  wh#  a*  a . 

779.000  tons  of  mi  io  downhcvuncl  tot  expert  ^re  4c  ept  ed  as  prospei*  -v# 

traffic  at  an  annual  saving  of  GO'i  or  «n  verage  u.-'i'  ■-’■  iiiK  ’t 

about  $1  10  per  ton  It  was  determine!  that  tne  te.nni’u'et  u!  tifse  ii- 

ties  hised  cn  i ndl’/ic'i-.i  1 r muTod  1 v r.:t  e .ir>*l  . - . would  no  t-v.  e ovei  r 

proposed  waterway  because  of  r.iil  tr-ii.*,:  jrnilegi'-.  re>,u.ienn  t t -r 
frequent  shipment  of  small  .i.nou-nti,  or  'he  . or'jv  >.)  i •.  i e-  t*)v«  d ' > I'-land 
points  that  do  not  permit  reduction  ' i »nwp.  r ; • • i • n .os»v  ovei  the  pres.-*nt 
incdr  of  shipment 

226  VEGETAREF^  FKOi)'.'C13.  ih  I'ISl.h’  '.'he  1 >^il  iriere’t*  :i*ported 
about  12,000  tens  of  these  ccmnodi-,  le.  whivh  iUe.ude  cottonseed  products, 
scrap  rubber,  C'ude  rubber,  tires  --I  lubes,  »nd  .it  her  rubtier  product* 
Reported  o'!  the  traffic  survev  were  anout  1 '78  00)  tot.*  .in  the  i er 

different  commc'di  1 1 es  that  include  'ho‘e  c .'na.' 'd  i ' . es  reported  by  the  local 
interests  Screening  oi  the  reported  tratfic  developed  about  196  000  tons 
of  traffic  that  were  sub)ectcd  to  a letailed  rate  •■■ialysis 


r 
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.-.‘7  IWe  r^te  ir.Jiysls  Indicates  that  about  121, OCO  tons  of  blackstrap 
pol-isse-i  feed  rreil,  scyheai  mesl,  and  synthetic  rubber  would  move 

cpbcund  ^rcT  Mcustor.  Corpus  Christ!,  and  Baytown,  Texas,  and  f’emphis, 
Tennessee,  to  Tort  Worth  Dallss,  Sherr.an,  and  W:.chita  Falls,  Texas,  ior 
an inv-' I feed  •••vpclene-t^  ii'irrs.l  feed  and,  in  the  case  of  synthetic  rubber, 
for  use  i"  the  tv-hber  products  plants  in  Dallas.  This  tnoverr.ert  wculd 
repre^e.'?  at.  j-r"'u?l  saving  to  transportation  of  about  S3b0,000,  or  an 
average  unit  saving  of  scout  S2  99  per  ton  The  remainder  of  the  traffic 
developed  would  rot  move  over  the  waterway  because  of  small  shipments  involved 
and  t''e  fieouercy  that  the=e  products  are  needed  by  the  consumers 

22b  Tt'XTILb  FIPKRS  KAN'.’FACTURES The  206,000  tons  of  these 
commodities  reported  by  the  Iccal  interests  Include  burlap,  cotton  piece 
goods,  haled  ccttor,  rags,  f'.ccr  covering,  and  other  commodities  not 
classified  .Reported  cn  the  traffic  survey  are  aoout  518,000  tons  on 
5 commodities  This  tonnage  was  screened,  and  about  351,000  tons  were 
developed  for  detailed  rate  are.lysis  The  rate  analysis  indicates  that 
about  6,CC0  tors  of  burlap  Digging,  Jute  and  sisal  would  move  upbound 
fromt  Houston  tc  Fcrt  Worth  and  Dellas,  Texas,  and  about  2,000  tons  of  rags 
in  bales  would  mcve  downbound  from  Dallas  to  Houston  for  export  This  move- 
ment represe-ts  a total  ar."ual  saving  to  transportation  ot  about  531,000, 
or  an  average  unit  saving  of  about  $3  61  per  ton.  The  reouireroent  of 
freque't  sm.all  shipm.ents  eliminates  the  remaining  tonnage  except  cotton 

229  cct  ton  could  not  be  accepted  as  prospective  traffic  at  this  time 
for  a variety  cf  reasor.s  A special  study  similar  to  the  study  made  or 
grain  was  made  of  the  cotton  movement  in  the  study  area.  Leading  brokers 
in  cotton  stated  that  ios-  of  interest  on  their  investment  because  of 

excessive  time  required  to  assemble  barge  load  quantities  and  excessive 
trensir  time  ever  present  transportation  methods,  (2)  additional  warehouse 
and  other  ex*^ra  handling  expense  for  sampling  before  shipment  is  author- 
ired;  { .^  > sm.all  quantity  involved  in  typical  export  shipment;  and  (.U) 
pooling  cf  shipments  to  secure  minimum  barge  loads  involved  exce.«sive 
time  to  locate  Interested  shippers  that  may  result  in  loss  of  ship  would 
prevent  cotton  from  moving  by  barge  Therefore,  cotton  was  elim.inated 
from  the  estimated  prospective  traffic. 

2 30  VOOli  AND  PAPER  - There  were  4A9,000  tons  of  these  commodities 

reoorted  by  the  local  interests  as  prospective  waterway  traffic  They  state 
t^’at  348,000  tons  of  paperboard,  lumber,  newsprint,  paper  and  paper  articles, 
legs,  celottx  siding,  and  lumber  products  would  move  upbound  at  an  annual 
saving  of  $930,000,  or  an  average  unit  saving  of  $2  67  per  ton  They  also 
include  131,000  tons  of  pulpwood,  folding  cartons,  waste  paper,  lumber,  and 
lumber  products  moving  downoound  at  an  annual  saving  of  about  S20C.00C,  or 
f.r'  average  u^lt  saving  of  Si  32  per  ton 

231  There  was  # total  of  14  commodities  with  an  aggregate  annual 
tonnage  cf  1 453,000  tons  reported  on  the  traffic  survey  The  reported 
traffic  include*  commodities  Hated  by  the  local  Interests,  as  well  a.s 
wood  nvanu (ac t ui es , Insulating  board,  and  mahogany  disclosed  by  the  canvass 
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cf  tr*fflc  I"  th**  «'?■»  -o*i:  repcr’€i  tr'^tflc  w«f  ‘•cbjected  to  ^ pre- 

lir-in-Tv  v’.t  • f O'  ?r  * I v revi'-t^d  to  a total  cf  TbS  CCC  tors  which 

was  acceptfc!  for  • dr'‘»*'?d  '-to  ?*>lv‘is 

Tht  dtta:'.  >i  : = : t j.'j’.-y-is  i-clcs'ad  rb-t  aboi.t  153  CCC  tors  of 
waste  paper  wrac-p.'c  p-ret  b-*2-^  rv’-P'Osrd  newsprint  ?''d  fe.t  paper 
would  irx've  ipCT'.~d  ‘’r-p-  points  ; 'lor. da  Georgia  AlsDama  Tltirc:-:  ?r>d 

l-culsldtA  to  - -i  Dsili-  Te>is  This  m e...ert  would  repre«err 

40  averase  ‘‘vi-i  cf  S •!  .Gj'"'  - r ".u' 1 1 v , or  uni  'irg  of  about  $.  O^i 
per  cc" 

^3?  '^he  p'edc'P'.".  S'"!  r':;  o*  • t ; paperboard  for  boxes,  lumber  paper 
sr.d  paper  arti  le?.  s^'d  lu''i"r  prod^  were  eliminated  frctn  the  accepted 
‘raffle  la  ' eoi ; ••erer  . o-i  frfoie-.  staII  shipments  Consuirers  of 

these  ccTrcdit;e“  do  '•o*  have  r ts  itcrige  facilities  for  barge  lead 
quarMties,  ■'■d  proC-icei'  ■..•Oic?;e  'hsr  volume?  of  business  Ir  these 
commodities  at  pre-ert  would  r-'  ' sustain  s.  to?  jor  distribution  point  ?t 
the  head  of  r- ivi gai  let  Kt  Ipwccd  would  not  represent  a saving  over 
existing  ••out®;  tec»'-se  ol  f'i®ssive  ha'tdling  costs 

2 3^» . NC^hiF'f  AIL  ir  MlNKi«>IS  Tbe  comir.odl  t i es  in  this  group  reported 
by  the  local  interects  I’-ch.de  1,?5',000  to-'s  of  sand,  gravel,  petroleum 
prod'jcts,  brlch  t.ie  asphalt  isbesto®,  carbon  black,  charcoal,  coal 
tar  and  pitch  iicving  upbourd  at  S’-rjai  saving  of  about  $2,  709, COO,  or 
a unit  saving  cf  $ 8;  per  tor  They  ilso  list  2,197,000  tons  of  sand, 
grsvel  sulfur,  petroleun  products  brick  rile,  roofing  material,  perlite, 
and  asbestos  siding  ic-virg  dew-'bound  at  an  annual  saving  of  about 
$2,18^,000,  or  a u-ir  ssvi"g  o‘  S 99  per  ton 

235  The  ’■rifflr  rt'„d/  diaclostd  a total  reported  tonnage  of  16,262,000 
tons  on  19  c omirod 1 1 i e s which  in-rludes  these  commodities  reported  by  the 
local  interests  ».  'otai  ot  A .'  36,000  rons  of  the  reported  traffic  was 
accepted  for  furtner  ‘.rilvsis  bv  .t  detailed  rate  study  The  results  of 
the  rate  analysis  of  *he  special  study  m.ade  on  sand,  gravel  and  stone 
are  given  in  paragraph  3?5  cf  this  section  of  the  appendix  The  study 
Indicates  that  about  1 1 3<i*  OOC*  tons  of  these  commodities  would  annually 
move  upbound  from  th?  miildie  river  at  an  annual  average  saving  of  about 
$299,000,  or  t u-it  saving  cf  about  $ 26  per  ton,  and  about  1,800,000 
tons  annually  wc>-jld  move  out  cf  the  river  tc  Houston  and  Gulf  coast 
points  at  an  annual  «ivi<'g  of  acout  $465,000,  or  a unit  saving  of  about 
$ .25  per  ten 


2 36  The  remain 

37.000  tons  a-nuslJy 
upbound  from  Eeaumoc 
vanla  fo  Fort  Worth 
about  $175,0C0,  oi  a 

38.000  tons  annually 
downbcu''d  frnm  Trlnl 
and  Houston,  Texaa, 
unit  saving  of  about 


ng  f'ftflc  accepted  as  prospective  commerce  includes 
cf  beczenc.  naphtha,  lubricating  oil,  and  wax  moving 
Port  Arthur,  Houston,  Texas,  and  Vanport,  Penr.syl- 
ard  Dallas,  Texas  at  an  average  annual  saving  of 
unit  saving  cf  $9  72  per  ton  Also  included  is  about 
of  light  oil,  perlite,  and  roofing  asphalt  moving 
ty.  P-tliis,  and  F^rt  Worth,  Texas,  to  Whiting,  Indiana, 
at  a»-.  annual  saving  of  about  $106,000,  or  an  average 
$2  60  per  ton 


a 
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2)’’  V OTo\od  i c i e s reported  by  locel  interests  that  were  el  invi'\ated 
loclo-^e  fi-ltur  which  moves  to  Liberty,  Texas,  and  is  creditable  to  the 
chennel  to  liberty  orly,  and  asbestos,  carbon  black,  charcoal,  brick, 
tile,  !.oal  r--r  »rd  pitch,  which  at  present  are  required  in  small  amounts 
at  fretuenf  i-.'.ervals 

238  METMS  ^ND  K^NUFACTURES  - The  898,000  tons  of  these  commodities 
reported  hv  the  local  interests  include  622,000  tons  of  iron  end  steel 
articles,  pipe  and  fittings,  tin  plate,  brass,  copper,  aluminum,  sash 

and  door^>,  cast  i*-on  pipe,  home  appliances  and  welding  equipment,  and 
supplies  trovint  upbour.d  at  an  annual  saving  of  about  $L,  565,000,  or  an 
average  unit  saving  of  $7  34  per  ton.  The  downbound  m.ovement  they 
reported  In.clides  276,000  tons  of  scrap  iron,  iron  and  steel  articles, 
and  scrap  coprer  at  an  annual  saving  of  $997,000,  or  an  average  unit 
saving  ct  $1  61  per  ton 

239  Trere  was  a total  of  8,869,000  tons  of  21  commodities  reported 
on  the  field  survey  of  traffic  This  tonnage  was  reduced  by  the  initial 
screening  to  1,893,000  tons  of  traffic  to  be  subjected  to  the  more  detailed 
rate  analysis  study.  The  detailed  rate  analysis  indicated  that  about 
712,000  tons  annually  of  aluminum  pig,  Iron  and  steel  pipe,  articles, 

and  scrap,  pig  lead,  and  nonferrous  metals  and  scrap  would  move  upbound 
from  points  in  Illinois,  Ohio,  Pennsylvania,  Indiana,  Alabama  and  the 
Texas  coast  to  Fort  Worth  and  Dallas,  Texas,  at  an  annual  saving  of  about 
$3,466,000,  or  an  average  unit  saving  of  about  $4  87  per  ton.  In  addi- 
tion, about  365, CCO  tons  of  iron  and  steel  articles  and  scrap,  ferrous 
metsls,  and  nonferrous  scrap  would  move  downbound  from  Fort  Worth, 

Dallas,  McKinney,  and  Grand  Prairie,  Texas,  to  Houston,  Texas,  Chicago, 
Illinois.  Milwaukee,  Wisconsin,  and  Saint  Louis,  Missouri,  for  export 
and  domestic  co''sumption  The  downbound  movement  of  these  materials 
would  realize  an  annual  saving  of  about  $1,060,000,  or  an  average  unit 
saving  of  ?bout  $2  90  per  ton 

240  About  13  of  the  21  commodities  reported  were  eliminated 
the  accepted  prospective  traffic.  These  commodities  either  moved 
insufficient  volume  or  did  not  represent  a sufficient  saving  over 
means  of  transportat  lor.  to  be  accepted  as  prospective  traffic 

241  MACHINERY  AND  VEHICLES.-  According  to  the  local  interests  there 
would  be  about  267,000  tons  of  automobile  parts,  power  plant  equipment, 
tractor  parts,  battery  separators,  and  unclassified  machinery  that  would 
move  upbound  at  an  annual  saving  of  $2,324,000,  and  about  5,000  tons  of 
unclassified  machinery  that  would  move  downbound  at  an  annual  saving  of 
about  $24,000  The  traffic  canvass  reported  62,000  tons  of  oil  well 
machinery,  tractors  and  farm  equipment,  and  other  vehicles  About  38,000 
tons  of  these  commodities  were  developed  for  further  analysis  by  rates. 

The  detailed  rate  study  indicated  that  either  it  is  not  practical  to  ship 
these  commodities  by  barge  (i  e.  not  adaptable,  excessive  circuity  of 
routing,  or  insufficient  volume)  or  there  was  Insufficient  or  no  saving  to 
transportation  from  barge  movement.  Therefore,  none  of  this  traffic  is 
included  in  the  accepted  prospective  traffic  for  the  waterway 
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CHFyir.»LS  AND  RF.IV^TED  PPODliCTS  - The  local  Interests  report 
19ii^000  tons,  of  phosphate  rock,  soda  ash,  fertilizer,  dtcalclum  phosphate, 
and  liquid  phosphate  soda  that  would  move  upbound  at  a saving  of  $719,000 
annuallv  They  also  include  14,000  tons  of  liquid  silicate  of  soda, 
paints,  vAr-.ishes.  soap  and  soap  powders  moving  downbound  at  a saving  of 
$59,000  anr.ua  :!y 

There  was  a total  of  7,697,000  tons  of  20  separate  commodities 
reported  on  the  traffic  canvass  Preliminary  screening  reduced  this  to 
about  721,000  tons  that  were  developed  for  rate  analysis  According  to 
the  rate  analysis,  there  would  be  about  166,000  tons  of  phosphate  rock, 
arnmoria  sulfate,  soda  ash,  liquid  solvents,  and  liquid  and  dry  caustic 
sods  that  would  move  upbound  from  Florida,  Louisiana,  and  points  on  the 
Texas  Gulf  coast  to  Fort  Worth  and  Dallas  at  an  annual  saving  of  about 
$601,000,  or  an  average  unit  saving  of  about  $3.62  per  ton.  There  would 
also  be  about  113,000  tons  of  soap,  soap  powders  and  compounds,  sodium 
phosphate,  chemicals  and  related  products  not  classified  that  would  move 
do-wnbound  at  an  annual  saving  of  $417,000,  or  an  average  unit  saving  of 
about  $3.70  per  ton 

244  The  cormodities  eliminated  from  the  traffic  accepted  for  this 
classification  were  excluded  primarily  because  of  insufficient  volume  to 
constitute  a mi.nim.im  barge  shipment  or  they  did  not  constitute  a saving 
over  the  existing  t ran.spor  tat  ion  media  now  utilized. 

293  MISCELLANEOUS  - Proponents  of  the  waterway  indicate  a minor 
tonnage  ir.  this  classification  would  use  the  waterway  They  do  not 
Identify  specific  coTimodlties  but  state  that  32,000  tons  of  miscellaneous 
commodities  would  move  upbound  at  an  annual  saving  of  $124,000,  and  about 
12,000  tons  would  move  dowrnbound  at  an  annual  saving  of  about  $57,000. 

246  traffic  study  reported  a total  of  95,000  tons  of  these 

consnodltles  from  which  initial  analysis  developed  10,000  tons  for  rate 
analysis  The  rate  analysis  Indicates  that  most  of  these  commodities 
would  not  move  because  of  insufficient  tonnage  for  barge  movement  or 
excessive  handling  costs  would  be  incurred  in  water  movement  Accepted 
for  prospective  traffic  are  3,000  tons  of  composition  roofing  that  would 
move  from  New  Orleans,  Louisiana,  to  Dallas,  Texas,  at  an  annual  saving 
of  about  $6,00C,  or  ar  average  unit  saving  of  about  $2.16  per  ton 
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I’RO’ECTLO.^I  ur  WM  FRHORNE  COMyKR'  ' 


. INlkUl)'.:  11'.;:' in  .Mc.«"r  to  esiin-sie  'he  i'vcrs.K'-’  .^nnoil  corroerce 
that  would  use  the  piopo'U'd  wn»«Tway  over  the  IDO-yc.ir  A^r.or  t i z it  i on  period 
It  was  necesiarv  to  estitT'atc  i iir  It'  ions  of  eci'nomic  development,  within 
the  traffic  area,  that  can  r»H>u'niblv  S<»  expeitcd  to  orcur  ''iirirK  this 
period  Rh'-I'-  ei’on’"n.if  IS'l 't  -ii  / 't  ult!i/.od  to  estimati  m.' e economic 
activity  tn  the  traftic  erta  imi  tht'C  ‘’■itt  ut  irsv  then  he  related  to 
prospective  witerwav  i omr.i.:  e in  coinr'.od  i ' i <!*>  t 'tat  •f'''  responsive  to  these 
factors 

•^^8.  ; he  I 'si..  f’  -ilrted  *'  o nirp'st*.  of  esilnvatinn  future 

economic  conditions  in  the  t rat  tie  area  are  ireiultt  in  pop.;  1 n' i on . value 
of  f.srm  products  sold,  value  nd.leci  by  manut  ac  t ur  e . now  c. instruct  ion,  and 
wheat  exports.  The  hl.sti  rlt.  t .'ends  of  these  basu  eionomic  lactots  , as 
developed  In  detail  in  thi  economic  base  itiulv  in  appendix  VII  .-.re  then 
used  as  a basts  lor  projeciion  of  iiiturt  growth  sod  to  esipbllsh  indices 
which  may  be  appiiei’  t.'  ••  put  opt  lat  e groups  of  commodities  (n  the  accepted 

1958  prospective  commerce  from  whith  estimaies  . ! the  prt** pi  c 1 1 ve  eveiagc 
anrujal  commerce  may  he  develo()ed, 

2f*9.  ALLOCATION  OK  i’«')Sl  KCf  i VK  19S3  CO’lMKKa  lO  .ilA.hlK  INh  I CL''. . - The 
allocation  ttf  Individual  commodities  within  the  accepted  1958  prospective 
comrterce  to  maior  indicators  is  made  on  the  basts  of  the  Indicator  that 
Is  most  nearly  representative  of  the  sector  t>f  economy  that  controls  the 
movement  of  the  spec i fir  commodity.  Ihe  accepted  1958  prospective 
commerce  a.s  given  in  iaf>le  ?9  i •;  '.llocatefl  hy  cominodttv.  tonnage,  and 
savings  tor  the  channel  to  lot’  ».orth  in  table  30, 
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250.  PROJECTION  FACTORS.-  The  estimates  of  growth  trends  for  the 
five  basic  economic  factors  were  projected  over  the  100-year  life  of 
the  project.  These  projections,  shown  as  growth  curves  in  the  economic 
base  study,  were  then  used  to  develop  numerical  measure  of  growth  by 
which  the  estimates  of  base-year  creditable  commerce  are  to  be  multi- 
plied to  derive  corresponding  estimates  of  average  annual  commerce  over 
the  same  period, 

251.  The  estimates  of  accepted  prospective  commerce  are  based  on 
economic  conditions  in  1958  since  this  was  the  latest  year  for  which 
complete  traffic  information  was  available.  The  year  1958  is  used  as 
the  base-year  to  develop  projection  factors  or  multipliers.  Using  the 
1958  values  on  each  of  the  economic  indicators  as  the  base  of  1.00, 
factors  were  developed  for  the  years  19'70,  the  initial  year,  1995  the 
quarter  year,  2020  the  midyear,  and  2070  the  terminal  year  of  the  life 
of  the  project.  The  projection  factors  or  multipliers  developed  for  all 
channels  investigated  are  given  by  major  indicator  and  by  year  in  table  3I« 

TABLE  jl 

PROJECTION  FACTORS 


(All  channels  investigated) 


Economic  indicator 

1970 

"I995 

“5o5o 

2070 

Population 

1 

1,25 

1.90 

2.90 

5.50 

Value  added  by  manufacture 

1 

l.do 

4.50 

11.63 

^+5.77 

Value  of  farm  products  sold 

1 

1.20 

1.79 

2.63 

5.63 

New  construction 

1 

1.37 

2.67 

5.23 

17.31 

Wheat  exports 

1 

l.OL 

1.26 

1.76 

2.29 

252.  PROJECTION  OF  PROSPECTIVE  COMMERCE,-  The  projection  factors 
shown  for  each  major  index  in  table  3I  used  to  project  the  correspond- 
ing commodity  tonnages  and  savings  of  the  1958  prospective  commerce 
accepted  for  the  project,  as  allocated  in  table  30.  The  projected 
tonnages  and  savings  for  the  years  listed  for  each  economic  indicator  are 
given  in  table  32, 


253-  COMPOSITE  PROJECTIONS.-  Composite  projections  of  estimates  of 
growth  of  prospective  commerce  and  savings  to  navigation  are  required  to 
derive  estimates  of  equivalent  average  annual  values  of  tonnage  and  savings 
that  *^ould  accrue  to  the  project  over  the  100-year  life.  Accordingly,  total 
values  for  each  of  the  selected  years,  as  given  in  table  32  were  plotted  to 
establish  the  composite  projection  of  total  tonnage  and  total  savings.  These 
curves  are  shown  or.  fig'.^ires  6 and  7,  respectively. 
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TABI£  32 


CHArWEL  TO  FORT  WORTH 

PRC.TECTIONS  of  commerce  - TRINITY  PIVTR,  TEXA3 


I ndex 

: 1956 

: 1970 

• 1991 

; 2020 

• 2070 

TONNAGE  (thousands) 

Population 

259 

324 

U92 

751 

1,425 

Value  added  by  Mfg. 

457 

fJ24 

2,060 

5,303 

20,871 

Value  of  farm  products 

sold  321 

384 

576 

844 

1,807 

New  construction  (l) 

3,675 

4,997 

5,962 

11,694 

36,709 

Export  wheat 

2,210 

2,299 

2,777 

3,692 

5,053 

Total 

6,922 

8,t28 

11,86? 

£2,48A 

67,665 

SAVINGS  ( thousands ) 

Population 

$ 650 

$ 797 

^,213 

$ 1,849 

$ 3,511 

Value  added  by  Mfg. 

1,593 

2,880 

7,200 

18, 

72,912 

Value  of  farm  products 

sold  691 

1,064 

1,596 

2,338 

5,007 

New  construction  (l) 

4,292 

5,636 

10,542 

20,675 

68,441 

Export  wheat 

2,428 

2,526 

3,051 

4,2  T7 

9,95g 

Total 

9,854 

13,103 

23.602 

47,666 

155,423 

(l)  Projection  allovs  for  depletion  of  sand  and  gravel  In  lower  river  in 

1988. 


EsTIMAlt'S  C'  TKAN'S^'CH  ' i BFViKKHS 


■ '■.>*.  C-E^’HRA  L T>'e  - -,v:  ^ i : i or  ct'.eii'-  ’h  • 'wr-jld  -;ccr'.-.e  to  tl'e  pro- 
pc-ed  v-iet'Ji-’  !"  ’.be  '^ririrv  River  brc’”  e H.v  '.or.  3'ir  Cb»--e'.  to  Fort 
Wor'b,  Tivit.  ;7'-.=  idered  to  be  tbe  to  t r » “ - po ' ’ 3 ' ir”  afforded 

ry  c^tie  ; r O’- 1 4 . o-  -.  ■■  tcirr-.-red  :o  - ! 'we  . ■.  o:  ? •_  j’-^rrate  T.etbod  of 

ircveme'''  ler-  ’he  I’t-.-etred  veb;  i,l  r cpe--’:-g  •;■:•’  resoltir-g  froir.  rals- 
i-g  tbs  ’.ebi..Llrf  bridge'  icro"  t'^'s  '.''erv-v 

f>:‘  Al!  .ba-oe.'  i^ve  ■ ' i gr  t ®d  v»t  r»  a"'..?e''  o’"'  .be  t>e'.‘  cf  1958 
’ r •!  £ f I f *rd  -iv’.ng'j  'be  prr  t e.dv.  r e ‘ iii'.tr^tec  b\  ’he  e ;'>gle*  purpose 

cb.arre.  ina-Tp.es  tiveo  ’■ere:'  tr  deterx’"*-  tt  rc-rt  efficiert  ar.d  eccncxic 
wa:e:«’4v  crp'ble  ct  • r ar.spor  ti  -g  t’-t  e't’T'teC  p'r  = p?ctiue  coT.-rerce  Inves- 
tigatic  ’ever..'  rbet  ’‘■e  x'.  1 1 tpl  £ pt 'rose  cha-'-ei  t ' :re  xc'-t  ie-rsiole  for 
imcrcvere’t  ot  t*'e  Trl'’i'y  River  for  -1;  p.'cc'er,  I'cludirg  revlgetion. 

This  seciio'  cf  tbe  ?ppe"Gix  crese'ts  'he  e^tiirated  "ovigatic-  benefits 
ctedit'ble  to  the  ' l^gl  e- p..  r po.-<e  xvi’p.e  pnrpo'e  cr.i'.’’el'  to  Fort 
Wcr’h  'rd  t te  i c r exe- ’ ft re  vi  gst  lo"  De’s'iti  cred:totle  to  the  section 
of  'hese  cbi-’iels  eeCFt'diog  he  prorosed  «£'?•••?.■  for  Dall.ss  to  a terminal 
e'  Pert  Worth  Tbe  1 • , pi  e • pu  t pot  e t'r»r'  = ! -dh‘>r?‘-  cicter  to  t^e  rsturel 
streftr.  rba.-"'e!  cf  the  "^rj-.ity  River  ;bft-  tb/  - 1- p;  le- r i r po5  e project  a-.d  is 
s.oo,t  9 mil?:  ic"ger  tha.i  rb?  ttrgle  ptrpoie  ptojtc;  however,  studies  of 
bsrge  ope’*  : irg  costs  c"  tt.e  xul  ' i p 1 e- p : ro.- e cbe-rei  t.'dicste  thet  the 
mere  f.tvorsble  cres.' ■ sect  ton  rstioi  cf  erree  to-  ;^»n’'el  i“  the  troltipleo 
purpose  chet.ne!  petxif-  *r  increase  in  the  cper-iti'g  I il  zie''cy  cf  barge 
tisffic  «’d  results  in  an  addi  t icn*  l sa>'i.n£  to  -evigstlo-  from  s reduction 
ct  cpersti"g  cos's  iht  frcrea’ed  cot t ceesue  ot  fe  'dditio"al  length 
of  cbanrel  ?s  mere  tha"  otfse'  dv  re.iuced  co>t  tec»-se  of  'be  'ddition*! 
operating  efficie’.cv  ot  ’he  tows,  res^ltf'g  i"  s ’ist  gsir  i-  saving  to  navl- 
gstior  on  the  mu  1 1 ip  i e- p..,r  pcse  cb»-nei  c.er  ’'•e  savirg  {or  the  s irgl  e-pjrpose 
project 

256  . CAPACITf  or  WATERWAY.-  S'udif-  of  IccR  req^  1 1 emeot  s 1-  paragraphs 
153  'broua^  158  of  this  ippe’'dlx  indltate  that  the  Tiaxlxum  cepacity  of  the 
waterwavj  is  limited  by  IccRs  No.  13  tbrctgb  IT,  wc^ld  oe  reached  when 
cemretee  o-  the  entire  cb.i'-’-el  hn.s  increased  'c  ecc-t  ?C  mi’iior  to”s 
annually.  Figure  6 shows  that  the  estimated  prospective  comr.etce  for  the 
charnel  to  Fort  Worth  will  reach.  20  millicr'  ’C’--s  s.oout  ,'C15  five  years 
before  "he  'T.:dpcir.t  cf  the  pro)*-’  life  period.  Tbereftre  prospective 
cotnrerce  for  t^'e  purpose  of  coriputing  savings  to  '■-•vi  ' on  trox  the  imorove- 

irer.i  3 r ec  ommer  ded  I’’  this  repor’,  is  corsidered  to  cc-tirt-e  *t  the  20  million 
ten  level  ever  the  I'st  55  year.s  cf  t^e  i f e cf  'be  pro'ec' . 'itrilarly,  4 
wa'e’way  terml’'ati^g  at  Dellas  -would  develop  co’rrerce  'bat  would  reach  to 
4 capacity  of  the  central  lock®  f’'  .'CIS  ''d  cn'tir.'ie  at  that  level  for  the 
r e-Bt ini’ig  51  years  of  tbe  project  life 

257.  NA.VIGATION  HENEFITS  In  s cotrpati'C’'  of  esrir-eted  oe’teflts  wltb 
estiir.sted  »n"..*.l  ccsts,  beth  bereflts  and  co-.;*  shot  Id  be  o-  «r  eauivalent 
average  »nrc4l  tire  oasis.  Tbe  benefits  frem  s*virg  to  rsvlgition  increase 
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over  a portion  of  the  life  of  the  project  as  the  waterway  tonnage  increases, 
while  the  annual  coats  are  computed  as  a uniform  annual  amou''t  Therefore, 
it  is  necessary  to  compute  the  benefits  as  a uniform  annua;  amount  through- 
out the  life  of  the  improvement. 

258.  EQUIVALENT  AVERAGE  ANNUAL  GROSS  NAVIGATION  BENEFITS,-  Depletion 
of  sand  and  gravel  reserves  in  the  lower  river  in  i986  results  in  a non- 
uniform  rate  of  projected  growth  of  prosoect ive  ccitir.erce^  end  the  limited 
capacity  of  the  locks  results  in  s.n  equal  ar-ual  benefit  over  a large 
portion  of  the  life  of  the  project.  To  determl-’e  the  aqui'"alent  average 
annual  gross  ravigatlon  benefits,  ir  ictorde-'ce  with  pronedtres  given  in, 

EM  112C-2-1-8,  the  present  worth  of  eeo''  of  the  vsrylng  estiir-sted  annual 
berieftts  during  tne  life  of  the  project  were  computed,  using  a compound 
Interest  rate  of  2.875  percent.  The  suit  of  the  present-worth  values  of 
the  benefits  amortized  ever  the  ICC-yesr  project  life  et  2,675  cercent 
interest  rate  with  snnus.l  ftarest  s.t  the  « tm,e  ratio  gives  ar  equivalent 
average  enrual  grcss'~r.av-igatior  ce-'efit  of  Sit  8 32, CCO. 

259  , BENEFITS  FROM  EXIENSION--OF  LIFE  C?  EXIST  I.NG  BRIIK.ES  ACROSS  THE 
TRINITY  RIVER,-  Benefits  f roJii- rhe  'exte’'ded  useful  ..ife  of  existing  bridges 
crossing  the  Trinity  River  that  would  be  obt£.i-«^by  alteration  or  recon- 
struction of  the  bridges  under  the  mu . t ip le-pur  pose  -slc^n-'el  project  were 
computed  in  accordance  with,  the  paragraph  titled,  ''Extensitrru^of  Useful 
Life,"  on  page  31  et  seq.  of,  "Prcpcsed  Practices  for  Economic  Analysis 
of  River  Heslr  Projects,"  prepared  bv  the  subcc.Tjnl':*:  ee  Eval.etlon 
Standards  ir  the  Report  to  the  I- s : • Age -,c  v Ctirmittee  O"  Were'  Resources 
(Ma.y  19:8). 

260.  These  benefits  were  computed  cn  .he  b*sls  of  en  assumed  average 
life  of  50  years  for  highway  bridges  ard  s.ssuired  average  lives  for  seg- 
ments of  railway  bridges  as  follows  37  year=  for  tlmbe*  trestles^ 

50  years  for  stee?  'uperstructure,  :».'d  IOC  yes*?  for  sucstru.' ' ure . 

261.  The  year  1970,  used  as  toe  year  of  in>.*ial  c.'S  of  the  multiple- 
purpose  chanrel  project  in  ccrputir.g  estim.ates  of  pro's:',  bs-eflts,  was 
also  used  as  the  base,  year  for  cnriputlrg  benefits  from  ee'ended  cseful 
life  of  existing  bridges.  Estimates  of  rep’, « reirenr  costs  were  based  on 
1962  price  levels.  Since  the  estimatsd  oenefirs  would  m<-. intern  “ constant 
ratio  to  Increases  cr  decreases  in  price  leve.s,  e.  consts-r  level  of 
estimated  replecement  costs  was  used  in  compi.tatr.  :ns . 

262.  The  benefit?  that  would  be  derived  ftom  the  pxterded  useful 
life  of  existing  bridges  were  computed  separately  for  each  ot  two  reaches 
and  for  the  entire  river  for  bech  b<ghwsy  f 'd  rsllway  bridges  using  an 
a.mortlzatlor.  factor  oased  upon  an  Interes'.  r9*-e  of  2,875  percent  compounded 
annually.  The  lower  reach  extends  from  channel  mile  C.GO  to  channel 

mile  312  84  inclusive,  and  the  upper  teech  from  above  'channel  mile  312.84 
to  Fort  Worth, 
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263.  The  aver>»ge  annual  charges  necessary  to  amortize  the  replace- 
ment cost  of  the  affected  portion  of  each  bridge  over  its  assumed  total 
life  period  were  computed  by  applying  the  capital  recovery  factor  for 
that  number  of  years  The  extended  life  of  the  affected  portion  of  each 
bridge  would  be  equal  to  the  expired  life  of  the  existing  structure  with 
respect  to  the  Initlsl  project  year,  1970  This  extended  life  was  deter- 
mined by  obtaining  •‘he  difference  between  the  assumed  total  life  of  the 
structure  and  the  estimated  remaining  life  as  of  1970-  The  annual  charges 
over  the  number  of  yests  cf  extended  life  were  assumed  to  be  a uniform 
annual  annuity  series,  end  the  lump  sum  worth  at  the  beginning  year  of 
the  series  was  determined  by  applying  the  prese-t  worth  fs.rtor  for  the 
number  of  years  of  extended  life  st  an  Interest  rate  cf  2 percent  com- 
poi.nded  annually,  o/here  the  beginning  year  of  the  series  was  subsequent 
to  the  Initial  project  year  1970,  the  beginning  year  worth  was  further  dis- 
counted for  the  number  of  Intervening  years  to  determine  the  1970  wcrth  of 
the  total  extended  li‘e  bene'^lt  This  was  done  by  applying  the  single 
payment  pres  err -wort'-  factor  at  i 87s  percent  Irterest  cnrpovr.ded  annually 
The  average  a'^n_'>i  vi’ue  over  »he  lOC-year  .assumed  economic  lift  of  the 
proposed  Trinity  River  r.avtgition  project  was  then  computed  as  the  uniform 
annual  annuity  value  over  a 100-year  period  at  2 875  percent  compounded 
annually  for  a single  payment  of  the  1970  worth  of  the  benefit.  The 
annuity,  thus  determined,  Is  the  estimated  annual  benefit  from  extended 
useful  life  of  a given  bridge 

26^.  For  the  affected  portions  of  railway  bridges  the  different 
estimated  rctal  service  lives  cf  37  yesr^  for  wooden  trestle?  50  years 
for  steel  superstructures,  and  ICO  years  for  substructures  were  take" 
into  account  and  computed  separately  The  estimated  arruai  benefits 
for  each  portion  of  a given  bridge  were  adaed  together  to  obtain  the 
total  annual  benefit  for  that  bridge. 

265  The  estimated  annual  benefits  tor  each  reach  of  the  river 
described  above  were  obtained  by  adding  the  benefits  from  each  modified 
bridge  in.  that  reach.  The  total  be->eftt3  were  estimated  as  fellows. 


Benef Its 

Highway  bridges 

(upper 

reach) 

$135,827 

Railway  bridges 

( 1 ower 

reach) 

28.284 

Total  upper  reac 

b 

164,111 

$164, 

111 

Highway  bridges 

(lower 

reach) 

25,  792 

Railway  bridges 

( lower 

reach) 

1.;.  IhO 

Torsi  lower  reac 

h 

37,972 

iU 

9 72 

Total  upper  and 

lower  1 

'caches 

$202, 

08  3 

HI-lq7 


266.  VEHICLE  OPERATING  COSTS  (BRIDGES).-  The  proposed  cenallratton 
of  the  Trinity  River  would  require  the  raising  of  37  Federal,  State,  County 
and  municipal  highway  bridges  to  provide  navigation  clearances  for  the  water- 
way traffic.  The  cost  of  operating  vehicles  over  the  existing  bridges 
would  be  Increased  when  the  bridges  are  raised.  The  Increased  vehicular 
costs  represent  a negative  benefit  of  the  proposed  project.  Unit  values 
developed  by  the  U.  S.  Department  cf  Commerce  In  their  report  entitled 
"Navigational  Clesrance  Requirements  fcr  Highway  and  Railroad  Bridges" 
dated  February  1955,  and  statistical  data  on  present  and  projected  number 

of  vehicles  a day  furnished  by  the  Texas  Highway  Department  and  county  and 
municipal  engineers  were  used  to  derive  the  estimates  of  Increased  annuel 
cost  of  operation  of  vehicles  ever  the  higher  bridges. 

267.  Unit  values  per  foot  of  lift  of  $0.C00236  per  truck  and  $0.0000303 
per  passenger  car,  were  applied  to  the  estimated  present  and  future  traffic 
lead  over  each  bridge  and  the  proposed  increased  height  of  each  bridge  In 
feet  of  lift  to  derive  the  estlireted  Increase  In  annual  operating  cost  to 
vehicles  for  each  bridge.  These  coats  are  then  consolidated  according  to 
type  of  vehicle  and  to  kind  of  roadway  for  the  several  segments  of  the 
channel . 

268.  Procedures  contained  In  Engineering  Manual  1120-2-118  were  used 
to  derive  the  equivalent  average  annual  costs  to  vehicular  traffic.  These 
costs  are  estimated  to  amount  to  $323,000  annually  for  the  channel  terminating 
at  Fort  Worth,  and  $71,000  annually  for  the  channel  terminating  at  Dallas. 

269  A summary  of  the  estimates  of  equivalent  average  annual  costs 
to  vehicular  traffic  Is  given  In  table  33. 
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TABLE  33 


SUMMARY  OF  EQUIVALENT  AVERAGE  ANNUAL 
FOR  ALL  BRIDGES  - 
(1970-2070) 

COSTS  OF  VEHICLE 
100- YEAR  LIFE 

TRAFFIC 

Item 

Freight 

vehicles 

Passenger 
vehic les 

Total 

Toll  roads, 
interstate  U.  S 
highways 

$ 37,000 

$ 42,000 

S 79,000 

State  highways 

18,000 

22,000 

40,000 

Farm- to-market 
and  county  roads 

17,000 

19,000 

36,000 

Municipal  streets 

78.000 

90.000 

168.000 

Totals 

150,000 

17  3,  000 

32  3,  OOU 

270.  The  increased  cost  to  vehicular  traffic  operating  over  the 
modified  bridges  across  the  waterway  is  taken  as  a negative  benefit  to 
the  waterway  and  is  deducted  from  the  gross  equivalent  average  annual 
benefits  to  transportation. 

271.  SUMMARY  OF  ESTIMATED  BENEFITS.-  The  total  net  equivalent 
average  annual  benefits  creditable  to  the  proposed  canalization  of  the 
Trinity  River  to  Fort  Worth,  Texas,  are  the  savings  in  transportation  costs 
that  are  realized  over  the  lowest  cost  alternate  method  of  movement,  less 
the  additional  costs  to  vehicular  traffic  from  raising  of  highway  bridges. 
The  total  net  equivalent  average  annual  benefits  creditable  to  the  section 
of  the  waterway  between  Dallas  and  Fort  Worth  is  the  difference  in  the  net 
equivalent  average  annual  benefits  creditable  to  the  channel  that  would 
terminate  at  Dallas,  Texas,  and  to  a similar  channel  that  would  terminate 
at  Fort  Worth,  Texas.  A summary  of  the  benefits  creditable  to  the  single- 
purpose and  multiple-purpose  channels  from  the  Houston  Ship  Channel  to 
Fort  Worth  and  to  Dallas  and  the  Incremental  benefits  to  the  section  of 
the  channels  between  Dallas  and  Fort  Worth  is  given  in  table  34 
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TABLE  3 A 


SbWlARY  OF  EQUIVALENT  AVERAGE  ANNUAL  NET  BENEFITS  CREDITABLE  TO 
THE  PROPOSED  NAVIGATION  PROJECT,  TRINITY  RIVER,  TEXAS 

(In  thousands  of  dollars) 

:Cros8  savings . Extended  life;Less  vehicular:  Net 

Item  :to  navlgatton:  of  bridges  : coats : benefits 


SINGLE- 

PURPOSE  CHANNEL 

HS(,  to  Ft  Worth 

26,832 

202 

323 

^6, 711 

HSC  to  Dallas 

23,  519 

38 

71 

23,486 

Dallas- Ft  Worth 

3,  313 

164 

252 

3,225 

M'^LTIPLE 

- Pj;^ S E CHA W E L 

HSC  to  Ft  Worth 

27,074 

202 

323 

26,953 

HsC  to  Dallas 

23,  730 

38 

71 

23,697 

Dallas-Ft  Worth 

3,  344 

164 

252 

3,256 

272.  Comparative  benefits  of  net  transportation  savings  were  developed 
for  all  channels  Investigated.  These  benefits  are  estimated  on  the  same 
basis  as  the  detailed  study  of  the  12-  x 150-foot  single-purpose  channel 
for  the  traffic  that  would  have  used  each  of  the  channels  investigated, 
i'll'  (cjuivnlent  average  annual  net  transportation  benefits  are  estimated 
.r,  n proportion  of  the  net  1958  transportation  benefits  creditable  to 
c.'ich  channel.  Detailed  projections  of  traffic  and  savings  creditable  to 
the  12-  X 150- foot  channel  presented  in  this  appendix  were  used  to  develop 
the  ratio  of  1958  savings  to  navigation  to  equivalent  average  annual  net 
savings  to  transportation  for  each  of  the  channels.  The  calculated  1958 
benefits  and  the  estimated  equivalent  average  annual  benefits  for  all 
channels  are  given  in  table  35 


TMil.E  35 

SUMMARY  OF  EQUIVALENT  AVERAGE  ANNUAL  NET  BENEFITS 
CREDITABLE  TO  ALL  CHANNELS  TO  DALLAS 
TRINITY  RIVER,  TEXAS 

1958  savings  to  Equivalent  average 

Channel  size navigation annual  net  benefits 

(thousands  of  dollars)  (thousands  of  dollars) 


9 ' 

X 

150' 

6,931 

20,682 

12' 

X 

150' 

7,869 

23,486 

9* 

X 

200' 

7,408 

22, 108 

12' 

X 

200' 

8,264 

24,666 
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COMPREHEi^IVE  SURVEY  REPORT 
ON 

TRINITY  RIVER  AND  TRIBUTARIES,  TEXAS 
APPENDIX  IV 

FLOOD  CONTROL  ECONOMICS 

1.  SCOPE  AND  RELATIONSHIP  TO  OTHER  PARTS  OF  REPORT.-  The 
comprehensive  survey  of  the  Trinity  River  and  tributaries  made 
necessary'  a complete  study  of  each  of  the  project  purposes  resulting 
from  the  investigated  Improvements . These  purposes  Include  navigation, 
flood  control,  water  supply,  recreation,  fish  and  wildlife,  and 
allied  uses.  A definite  relationship  exists  between  znost  of  these 
purposes  in  each  segment  of  the  recommended  plan.  For  example,  the 
multiple-purpose  channel  would  produce  benefits  for  navigation,  flood 
control,  recreation,  and  fish  and  wildlife.  Likewise,  Tennessee 
Colony  Reservoir  would  produce  all  of  these  benefits  and  the  addltloneul 
benefit  of  water  supply.  The  local  protection  projects  on  the  main 
stem  of  the  Trinity  River,  such  as  the  Dallas  Floodway  Extension  and 
the  West  Fork  Floodway,  have  a direct  relationship  with  navigation 
benefits  since  these  two  purposes  would  utilize  the  same  channel 
through  these  areas.  This  in  turn  introduces  other  purposes  since 

the  increase  in  the  elevation  of  the  water  surface  required  for 
navigation  results  in  benefits  for  recreation  and  fish  and  wildlife. 

The  only  elements  of  the  projKised  plan  which  would  produce  only  flood- 
control  benefits  are  the  Elm  Fork,  Liberty,  and  Duck  Creek  local 
protection  projects . 

2.  Other  appendices  of  this  report  contain  information  and  data 

concerning  studies  and  investigations  relating  to  the  proposed  flood 
control  facilities  evaluated  in  this  appendix.  Appendix  I - Project 
Formulation,  presents  infomation  on  different  amounts  of  flood 
control  storage  in  the  proposed  reservoir  projects  and  on  various 
channel  capacities  and  levee  heights  in  connection  with  other 
recommended  improvements.  Appendix  II  - Hydrology,  Hydraulic  Design, 
and  Water  ResO'irces,  contains  data  on  discharge  frequencies  on  which 
flood  damage  evaluations  /ere  based  and  also  on  water  supply 
storage  in  the  multiple -purpose  reservoir  projects.  Appendix  VI- 
Cost  Estimates,  Geology,  and  Design  Information,  contain  data  on  the 
structural  design  and  first  cost  of  the  vai'ious  flood-control  Improve- 
ments recommended  in  the  report.  Appendix  VII  - Economic  Base  Study, 
contains  information  on  the  estimated  projection  of  various  economic 
indicators  in  the  area  affected  by  the  recommended  flood -control 
projects.  The  entire  base  study  area  and  the  portion  of  this  area 
studied  specifically  for  projection  of  future  development  in 
connection  with  flood  .T-"t  ,,  ^ £r;  fi  • 
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THE  CROSSHATCHED  PORTION  SHOWN  ABOVE  IS  THE 
AREA  PRINCIPALLY  AFFECTED  BY  FLOOD  DAMAGES 


FIGURE  I PORTION  OF  BASE  STUDY  AREA  PERTINENT  TO  FLOOD  CONTROL 


3-  This  appendix  discusses  the  evaluation  of  flood  control 
I benefits  which  would  accrue  through  operation  of  the  proposed 

additions  to  the  existing,  authorized,  and  previously  recomEieiided 
Trinity  River  Basin  projects.  It  describes  the  methods  of  determin- 
ing the  property  valuations  and  annual  flood  damages,  the  damage 
reductions  that  would  be  realized  through  the  addition  of  the  recom- 
mended projects  to  the  program,  and  the  benefits  that  'would  result 
from  these  damage  reductions.  A.lthough  the  estimated  benefits  found 
creditable  to  the  various  alternate  or  Incremental  'units  tested  in  t: 
comprehensive  plan  through  the  process  of  project  formulation  are  net 
contained  in  this  appendix,  the  method  of  deji-wing  those  benefits 
identical  to  that  described  herein.  This  appendix  describes  the  .area 
subject  to  flooding;  presents  tables  of  values,  damages,  and  flood 
control  benefits;  and  includes  examples  of  typical  curves  used  in 
determining  average  annual  damages . 

U.  FLOOD  PROBLEMS.-  Tlie  Trinity  River  Basin,  like  all  others, 
experiences  various  degrees  of  flooding  at  irregular  intervals.  The 
effort  to  alleviate  this  flood  problem  dates  back  many  years  to  the 
time  when  the  early  settlers  built  small  levees  to  protect  their  lane 
This  was  followed  by  the  formation  of  locally  organized  levee  districts 
who  joined  together  to  construct  larger  levees,  and  finsilly  by  the 
major  public  works  activities  of  the  Federal  Government  in  regard  tc 
flood  control  operations.  Although  much  improvement  In  regard  to 
flood  protection  has  tak.en  place  in  the  Trinity  River  Basin,  a serf,', 
problem  still  remains.  This  problem  is  principally  due  to  the 
attractiveness  of  the  bottom  lands  for  resident ird , industrial,  and 
agricultural  development,  and  the  fact  that  partial  protection  of  the 
flood  plain  encourages  increased  use  and  development.  Major  floods 
have  occurred  in  the  Trinity  River  Basin  in  1699.  1908,  1913>  1913, 

1922,  1929,  1936,  191+0,  191^2,  I94L,  I9I+5,  1949.  and  1957-  Photograph.- 
showing  typical  flood  damages  from  two  of  these  fl.oods  are  shown 
in  figure  2.  The  flood  of  May  16-17,  1949.  was  centered  on  the  upper 
portion  of  the  Trinity  River  watershed,  principally  on  the  Fort  Wor*^>. 
area,  and  caused  damages  estimated  at  more  thari  -$16,000,000  Tht 
flood  of  April-June  1957  was  general  over  the  entire  Trinity  Rive: 

Basin.  This  flood  caused  damages  estimated  at  about  $19,500,000 
but  it  is  estimated  that  the  flood -control  proje.  ts  in  operation  on 
the  basin  at  the  time  this  flood  o-tcurred  prevented  an  additional 
$85,000,000  in  damages.  Based  on  these  damage-prevention  figures, 
these  projects  more  than  repaid  their  total  first  cost  for  all 
purposes  by  preventing  the  damages  from  this  one  flood. 

5.  Agricultural  damages  account  for  approximately  69  percent 
of  the  total  damages  In  the  flood  plain  studied  in  this  report, 
these  damages  being  most  heavily  concentrated  along  the  main  stem 
of  the  Trinity  River  between  Dallas  arid  Liberty  and  along  Elm  Fork 
and  Denton  Creek.  Urban  damages  occur  prln-  Ipally  at  Fort  Worth.  Dallas, 
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WEST  FORK  TRINITY  RIVER  - MAY  1949 


BIG  FOSSIL  CREEK- APRIL-JUNE  1957 


FIGURE  2 URBAN  FLOOD  SCENES 
VICINITY  OF  FORT  WORTH, TEXAS 


and  Liberty  and  account  far  about  22  percent  of  the  total  damages. 

The  remaining  9 percent  of  the  total  damages  are  due  to  losses 
sustained  by  oil  field  and  gravel  pit  operations,  highways,  railroads, 
and  utilities  in  the  flood  plain.  The  above  percentages  indicate 
that  agricultural  losses  account  for  most  of  the  damages  experienced 
in  the  Trinity  River  Basin  under  present  conditions  of  economic 
development.  The  principal  crops  grown  in  the  flood  plain  consist  of 
cotton,  corn,  grain  sorghums,  hay,  and  forage  crops  for  improved 
pasture  use . The  following  tabulation  shows  the  estimated  annual 


value  of  all  crops 
from  floods: 

gro'..'n 

in  the  flood  plain 

ass'oming  no 

damage 

Reach 

Improved 

agricultural 

acreage 

Annual 
value 
per  acre 

Total 

annual 

value 

Trinity  River 

1 

7>934 

$46.25 

$366,900 

2 

19,406 

93.00 

1,804,800 

3 

73,834 

93-71 

6,919,000 

4 

19,022 

61. 40 

1,168,000 

5 

49,473 

70.82 

3,503,700 

6 

31,716 

77.73 

2,465,300 

7 

6,655 

45.00 

299,500 

Elm  Fork  and 
Denton  Creek 

1 

13,358 

54.00 

721,300 

Mountain  Creek 

1 

0 

0 

0 

Duck  Creek 

1 

0 

0 

0 

Total 

221,398 

77.91(1)  17,248,500 

(l)  Average  amount  per  acre. 

6.  AREAS  SUBJECT  TO  FLOODING.-  The  areas  subject  to  flooding 
along  the  Trinity  River  and  its  tributaries  considered  in  this  report 
are  predominantly  agricultural;  however,  substantial  urban,  rural 
nonagricultural,  transportation,  and  utility  property  lies  within 
these  areas . The  urban  property  is  on  the  Clear  and  West  Forks  of 
the  Trinity  River  at  Fort  Worth,  or.  t/.c  Fork  of  the  Trinity  River 
in  the  vicinity  of  Dallas,  on  Ih.  ;k  Crtr>.  at  Ga.'liind,  and  on  the 
Trinity  Rlv-r  at  Dallas  and  Liberty.  Tl.e  rural  nonagi'l cultural 
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property  is  located  prlncipaJ.ly  along  the  main  stem  of  the  Trinity 
River,  Elm  Fork,  Denton  Creek,  and  Mountain  Creek.  Nmerous 
railroads,  state  highways,  county  roads,  electric  powerlines,  oil 
and  gas  pipe  lines,  and  telephone  and  telegraph  lines  cross  the 
areas  subject  to  flooding  throughout  the  length  of  the  Trinity  River 
and  its  tributaries . 

7.  Plates  2 through  12  of  this  appendix  show  the  limits  of 
the  area  subject  to  flooding  on  the  Trinity  River,  the  West  Fork  of 
the  Trinity  River  below  Bridgeport  Dam,  the  Clear  Fork  of  the  Trinity 
River  below  Benbrook  Dam,  Elm  Fork  and  Denton  Creek  below  Lewisville 
and  Grapevine  Dams,  Mountain  Creek  below  river  mile  7*2,  and  Duck 
Creek  in  the  vicinity  of  Garland,  Texas.  For  convenience  in 
analyzing  the  property  values  and  damages  and  for  estimating  the 
benefits  creditable  to  the  various  improvements  considered  in  this 
report,  the  areas  subject  to  flooding  were  divided  into  ten  reaches 
as  shown  on  plates  1 through  12  of  this  appendix.  These  plates  show 
the  limits  of  flooding  resulting  from  a combination  of  the  maximum 
floods  of  record.  The  area  studied  in  detail  for  this  report  and  the 
area  on  which  tables  of  property  values,  flood  damages,  and  benefits 
have  been  prepared  is  the  same  as  that  described  above  and  shown  on 
the  referenced  plates  except  that  the  West  Fork  of  the  Trinity  River 
above  Lake  Worth  Dam  has  not  been  included.  The  evaluation  of  the 
area  subject  to  flooding  as  studied  in  this  report  is  based  on  the 
consideration  that  Livingston  and  Wallisville  Reservoirs  are 
existing  projects,  and  the  ai'ea  inundated  by  these  reservoirs  has  not 
been  Included  in  any  of  the  tables  pertaining  to  the  area  subject  to 
flooding.  The  areas  of  the  flood  plain  situated  behind  substandard 
levees  have  been  included  as  a jxjrtion  of  the  .'’vca  subject  to  flooding. 
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8.  CHAPACTEB  OF  FLOOD  PLAIN  APJSAG.-  .Le  flood  plain  areas 
total  605,103  acres,  of  which  18,603  acres  are  urban  or  suburban. 

The  land  acreage  and  classification  for  each  reach  are  shown  in 
table  1 . 

9.  DETERMINATION  OF  VALUES  AND  DAMASES--  In  I96O  a field 
investigation  was  trade,  using  1999  aerial  photography  to  study  the 
dcvelojanent  and  Improvements  in  the  flood  plain.  County  agricultural 
agents  and  farmers  were  interviewed  in  order  to  obtain  crop 
schedules  and  estimates  of  yield.  Also,  local  governmental  officials; 
state-  highway  officials;  officials  of  railroads,  businesses,  and 
industries;  and  other  local  residents  were  interviewed  to  obtain 
information  or.  property  values  and  experienced  or  potential  flood 
damages . 


10.  VALUE  OF  PF/SICAL  PROPERTV  IN  THE  FLOOD  PLAINS.-  The 
total  value  of  physical  property  in  the  flood  plain  reaches  as  con- 
sidered herein  is  estimated  at  about  $326,875,000.  These  valuations 
are  shown  in  detail  In  table  2 and  are  summarized  in  table  3. 

11.  CLASSIFICATION  OF  DAMAGES.-  The  tangible  damages  consid- 
ered in  the  monetary  evaluation  in  connection  with  this  study 
consist  of  physical  property  losses  directly  due  to  floods,  cost 

of  flood  fighting,  rescue  work  and  other  emergency  measures, 
business  losses,  and  increased  cost  of  normal  operations  and  living. 

In  aiddition,  there  are  other  damages  of  an  intangible  nature  such 
as  loss  of  life,  health,  security,  and  other  factors  which  cannot 
be  readily  expressed  in  monetary  terms.  Damages  of  this  nature 
have  not  been  monetarily  evaluated  in  this  report. 

12.  TANGIBLE  DAMAGES.-  The  tangible  damages  described  above 
were  considered  under  several  principal  classifications  when  the 
economic  surveys  were  made,  these  classifications  being  further 
described  as  follows. 

a.  Agricaltigral  damages.-  These  include  damages  to 
growing  crops,  soli  erosion  and  deposition  of  undesirable  material, 
weed  Infestation,  loss  of  livestock  and  poultry,  damages  to 
buildings,  fences,  and  equipment,  and  damages  to  irrigation  facilities. 

b . Rural  nonagrlcultural  damages . - These  include  damages 
to  physical  property  and  loss  of  production  of  rural  industrial 
properties  such*as  oil  fields,  sand  and  gravel  plants,  and  other 
property  of  this  type. 

c . Damages  to  transportation  facilities. - These  consist 
of  damages  to  railroads,  highways,  and  county  roads. 

d.  Damages  to  utilities.-  These  consist  of  damages  to 
electric  power  lines,  telephone  and  telegraph  lines,  arid  pipe  lines. 
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(1)  Reach  extends  to  Lake  Worth  Dam,  mile  572*0,  on  West  Fork  to  Benbrook  Dam,  mile  15*0  on 
Clear  Fork. 

(2)  Reach  extends  to  Levlsville  Dam,  mile  30-0  on  Elm  Fork  and  to  Grapevine  Dam,  mile  11.7  on 
Denton  Creek. 
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e.  Urban  damages . - These  consist  of  dajnages  to  residences, 
business  and  industrial  establishments,  churches,  schools,  automob  1 L.' •? , 
house  trailers,  loced  utilities,  railroads,  streets,  highways,  and 
city  and  Federal  property,  when  these  damages  occur  within  or  adjacent 
to  a city  or  town. 

f.  Interruption  to  traffic  and  communications.-  These 
losses  consist  of  costs  of  detouring  railroad  and  truck  traffic,  loss 
of  gross  income  of  railroad  and  trucking  companies,  cost  of  towing 
vehicles  over  flooded  highways,  additional  exj)enses  to  motorists 
while  detouring  or  waiting  for  floodwaters  to  subside,  and  cost  of 
repairs  to  vehicles  driven  through  the  floodwaters . Also  included 
are  losses  of  business  and  production  to  commercial  establishments  and 
industries  that  are  dependent  on  the  transportation  of  raw  materials 
and  manufactured  products . 

g.  Cost  of  rescue  work  and  policing.-  These  losses  consist 
of  the  actual  cost  of  rescue  operations  conducted  during  the  flood 
period,  and  include  damages  to  vehicles  assigned  to  this  operation. 

Also  included  are  costs  of  military  personnel,  local  law  enforcement 
officers,  and  others  rcsjponsible  for  maintaining  law  and  order. 

h.  Cost  of  combating  insects  and  disease.-  This  includes 
the  cost  of  innoculatlons  against  typhoid,  the  cost  of  spraying  of 
places  likely  to  be  infested  with  flies  and  mosquitoes,  and  the  extra 
cost  of  analyzing  and  treating  all  sources  of  drinking  water  which 
might  have  become  contaminated. 

13.  DAMAGES  FROM  MAXIMUI^I  FLOODS  OF  RECORD.-  The  total  damages 
t'.ir.t.  ..'ould  be  caused  by  a recurrence  of  the  maximum  flood  in  each  of 
v./x  .arlous  reaches  considered  in  this  report  have  been  estimated  at 
,000,  based  on  January  19^2  price  levels  and  I960  conditions 
of  development.  Table  U shows  these  damages  by  reaches  and  by 
lu’lnclpal  property  classifications  and  shows  the  year  of  occurrence 
of  each  maximum  flood.  The  flood  of  ;q)rll-June  1957  weis  general  over 
the  entire  Trinity  River  Basin  and  approached  the  magnitude  of  the 
flood  of  record  in  most  of  the  reaches . It  is  estimated  that  the 
recurrence  of  this  flood  under  the  same  conditions  of  modification 
and  development  as  used  for  the  maximum  flood  damages  shown  on  table  k 
would  cause  damages  as  shown  in  the  following  tabulation.  This 
tabulation  also  shows  estimated  damages  for  two  future  conditions  of 
economic  development: 


Estimated 

Ycai’ 

damages 

i960 

$15,200,000 

2020 

163,600,000 

2070 

251,100,000 
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(1) Experlenced  flood  tn  eeich  reach  which  would  produce  majcimujn  peak  discharges  when  modified  by  the  flood  control 
inqproveinents  in  operation  in  i960  plus  Navarro  Mills  and  Bardwell  Reservoirs . 

(2) Coiablnatlon  of  1S^9  and  1957  floods  but  no  duplication  of  damages  reflected. 


lU.  DETERMINATION  OF  AVERAGE  ANNUAL  DAMAGES.-  For  each  flood 
plain  reach,  discharge-damage  curves  and  discharge -frequency  curves 
were  developed.  These  curves  were  then  employed  to  construct  damage- 
frequency  curves.  Figures  3^  5 of  this  appendix  show 

discharge -frequency,  discharge -damage,  and  damage -frequency  curves, 
respectively,  for  reach  3»  a.  typicEil  reach  of  the  Trinity  River. 

These  curves  and  the  following  discussion  are  furnished  as  being 
representative  of  the  methods  used  to  determine  the  average  annual, 
damages  for  the  investigated  reaches  of  the  Trinity  River  Basin.  By 
use  of  rainfall  records,  stream  gage  records,  synthetic  unit  hydrographs, 
and  historical  flood  information  in  the  form  of  high  water  marks  and 
other  data  furnished  by  local  interests  and  observed  by  personnel  of 
the  Fort  Worth  District,  relationships  between  dischaxge  and  frequency 
were  developed  as  shown  by  the  discharge -frequency  curve,  figure  3* 

The  flood  damage  data  obtained  through  an  economic  survey  in  the  field 
during  I96O  formed  the  basis  for  constructing  the  discharge-damage 
curves.  Relationships  between  discharge  and  acres  of  leind  flooded 
were  established  for  the  flood  plain  areas.  Unit-crop  damages  were 
then  applied  to  the  acreage  of  improved  land  inundated  by  each  flood 
of  record,  the  amount  of  damages  depending  upon  the  crop  value  and  the 
probability  of  floods  occurring  in  the  various  seasons  of  the  year. 
Damages  to  agricultural  property  other  than  crops  were  computed  in  a 
similar  manner,  except  that  it  was  not  necessary  to  give  consideration 
to  the  season  of  the  year.  For  transportation  facilities,  utilities, 
and  urban  damages,  discharge  versus  damage  relationships  were  employed 
for  estimating  dameiges  from  the  various  flood  magnitudes . All  of 
these  data  were  then  utilized  to  construct  discharge -damage  curves  as 
shown  by  figure  U.  By  use  of  the  discharge -frequency  and  dischai'ge- 
dsunage  curves,  a damage -frequency  curve  was  constructed  as  shown  by 
figure  5»  The  area  under  this  damage -frequency  curve  represents  the 
damages  which  can  be  expected  to  accrue  over  a period  of  100  years . 

These  damages  were  then  divided  by  100  to  give  the  anticipated  average 
annual  damages.  The  procedures  outlined  above  were  repeated  on  each 
given  reach  for  each  condition  of  modification  being  studied  in  order 
to  determine  the  damages  that  would  be  prevented  by  each  improvement 
having  a potential  effect  on  that  reach. 
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damage  in  millions  Of  dollars 
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15.  UPENDS  OF  DtM-;LOPr«EIJT . - Appendix  VII,  "Economic  Base  Study/” 
is  the  presentation  of  the  economic  indicators  considered  applicabl'^ 
to  the  vai'ious  project  pui’poses  under  consideration  in  this  report. 

The  indicators  considered  applicable  to  flood  control  and  their 
overall  projection  factors  for  the  entire  base  study  area  are  as 
follows : 


Avg . Annual 


Indicator 

2020 

2070 

i960 

percent  increase 
i960  to  2070 

Population 

2.72 

5.20 

1.5 

New  construction 

5-08 

16.75 

2.6 

Value  added  by  manufacture 

11.11 

48.71 

3.6 

Mineral  production 

6.28 

28.55 

3.1 

Retail  sales 

6.69 

27.  k8 

3.1 

Value  of  farm  products  sold 

2.56 

5.50 

1.6 

Personal  income 

7.80 

35.99 

3.3 

Bank  deposits 

7.27 

31.56 

3.5 

In  order  to  apply  these  indicators  to  flood  control,  it  was  necessary 
to  determine  the  relationship  between  the  effect  each  indicator 
would  liave  on  the  entire  base  study  area  and  the  effect  it  would 
have  on  the  specific  reach  being  considered.  This  involved  a study 
of  the  develojanent  in  the  flood  plain  and  adjacent  areas  of  each 
reach.  It  was  determined  to  be  feasible  to  modify  the  above  base 
study  area  indicators  to  fit  the  conditions  of  flood  plain  reaches  2, 
3,  4,  and  5 of  the  Trini+y  River.  These  reaches  reflect  a compara- 
tively stable  agricultural  economy  with  a potential  for  future 
development  which  can  probably  be  predicted  with  reasonable  accuracy 
based  on  the  present  conditions  of  economic  development  within  the 
flood  plain.  This  assumption  is  predicated  on  the  condition  that  the 
present  state  of  water  resource  development  within  the  area  will 
prevail.  Provision  of  the  improvements  recommended  in  this  report 
will  probably  result  in  growth  patterns  in  these  reaches  even  more 
spectacular  than  those  that  would  be  expected  in  the  presently 
urbanized  reaches  of  the  basin.  A study  of  reaches  1 and  6 of  the 
Trinity  River,  reach  7 of  the  West  Fork  and  Clear  Fork,  Elm  Fork, 
Denton  Creek,  Mountain  Creek,  and  Duck  Creek  was  made  which  indicated 
that  a different  type  of  development  allowance  would  be  required  at 
these  locations . Tliis  is  duo  to  the  fact  that  these  areas  arc 
geographically  located  in  such  a manner  that  they  aj'e  expected  to 
experience  a greatly  accelerated  growth  pattern  that  lias  no  direct 
relationship  to  their  present  state  of  develojxnent . For  these 
reaches  an  estimate  was  made  of  the  probable  future  change  in  land 
use  in  order  to  reflect  the  influence  of  the  highly  urbanized 
adjacent  areas  and  the  anticipated  developments  within  the  flood 
plain . 
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16.  MODIFICATIOII  OF  ECONOMIC  INDICATORS.-  In  the  modification 
of  the  development  factors  to  the  purpose  of  flood  control,  consider- 
ation was  given  to  historical  economic  data  for  the  flood  plain  and 
adjacent  areas,  to  the  projections  contained  in  data  prejjared  by  the 
United  States  Study  Commission,  Texas,  and  to  anticipated  development 
and  improvement  in  and  near  the  flood  plain  Eireas . The  following 
tabulation  gives  the  flood  control  development  factors  for  Trinity 
River  reaches  2,  3>  and  5*  Tiiese  development  factors  reflect 
estimated  future  development  expected  even  though  additional  flood 
control  improvements  are  not  installed. 

DEVELOPMENT  FACTORS 
FLOOD  CONTROL 


Factors Avg . Annual 


Indicator 

i960 

1970 

2020 

2070 

percent  increase 
i960  to  2070 

Trinity 

River 

- Reach  2 

Nonagricultural 

Population 

1.00 

1.23 

4.59 

6.02 

1.6 

Mineral  production 

1.00 

1.13 

2.13 

2.13 

0.7 

Retail  sales 

1.00 

1.3^ 

8.29 

23.68 

2.9 

Bank  deposits 

1.00 

1.24 

4 .69 

8.28 

1.9 

Personal  income 

1.00 

1^ 

18.44 

T>>23 

4.0 

Geometric  mean 

1.00 

1.29 

5.85 

11.36 

2.2 

Agricultural 

Population 

1.00 

1.18 

2.72 

5.20 

1.5 

Value  farm 

products  sold 

1.00 

1.16 

3.10 

1.6 

Geometric  mean 

1.00 

1.17 

2.90 

5.35 

1.5 

Trinity  River  Reaches  3j 

4,  and  5 

Nonagr  i cultiir  al 

Population 

1.00 

1.14 

2.91 

4.02 

1.3 

Mineral  production 

1.00 

1.32 

8.11 

19.19 

2.7 

Retail  sales 

1.00 

1.23 

4.77 

10.10 

2.1 

Bank  deposits 

1.00 

1.20 

4.00 

7.00 

1.8 

Personal  income 

1.00 

1.36 

28.62 

hi 

Geometric  mean 

1.00 

1.25 

5.63 

10.93 

2.2 

Agricultural 

Population 

1.00 

1.18 

2.72 

5.20 

1.5 

Value  farm 

products  sold 

1.00 

1.16 

3.10 

1.6 

Geometric  mean 

1.00 

1.17 

2.90 

5.35 

1.5 
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17.  CliAi'IGIIIG  PATTKim  OF  LAIfD  UGE.-  Studies  of  the  flood  plain 
•md  the  oiljaecnt  area  in  Trinity  River  reaches  1,  6,  and  7,  and  of 
the  Elm  Fork  of  the  Trinity  River,  D<-nton  Creek,  Mountain  Creek,  and 
Duck  Creek  disclosed  that  liroxlmatc  urbanized  areas,  planned  improve- 
ments, existing  and  proposed  transportation  facilities,  and  availa- 
bility of  area  for  expansion  are  influencing  and  will  continue  to 
influence  growth  patterns  in  these  areas  to  such  an  extent  that 
development  factors  obtained  by  modification  of  the  economic 
indicators  prepared  in  the  economic  base  study  would  be  incompatible 
with  the  probable  future  growth.  Tnerefore,  future  development  of  the 
flood  plain  in  each  of  these  reaches  was  computed  by  estimating  the 
probable  change  in  land  use.  This  future  development  is  expected  to 
take  place  even  though  additional  flood  control  improvements  are  not 
installed. 


18.  FUTUIdi  DEVEK)PIdIT.-  Based  on  the  above  considerations, 
the  future  development  in  various  reaches  of  the  Trinity  River  and 
tributaries  are  estimated  as  follows: 

a.  Trinity  River,  reach  1.-  Reach  1 of  the  Trinity  River 

lies  within  the  zone  of  influence  of  ttu-ee  rapidly  growing  metropolitan 
areas:  the  Beaumont -Port  Arthur  area  to  the  east,  and  the  Houston 

area  and  Galveston-Texas  City  area  to  the  west.  These  three  areas 
increased  in  population  between  I9IO  and  I96O  at  the  average  rate  of 

4 percent  per  year . Economic  base  studies  indicate  that  the  I96O 
population  of  1,629 >200  will  increase  to  about  8,500,000  by  year  2070. 
Main  arteries  of  transportation  cross  reach  1 of  the  Trinity  River 
from  east  to  west  and  guide  the  pattern  of  expansion.  These  factors, 
plus  the  availability  of  additional  water  for  Industry  and  irrigation 
from  Livingston  Reservoir,  which  is  now  under  construction,  will 
exert  increasing  influence  on  the  reach  under  discussion.  The 
development  within  the  flood  plain  of  reach  1 increased  50  percent 
in  the  years  1952  to  i960.  Guided  by  these  factors,  it  is  estimated 
that  the  value  of  property  within  the  flood  plain  in  reach  1 will 
increase  from  about  $24,602,000  in  I96O  to  $524,600,000  in  207O. 

(2.8  percent  average  annual  increase). 

b.  Trinity  River,  roach  6.-  Reach  6 of  the  Trinity  River 
includes  the  highly  developed  portion  of  Dallas  along  the  Trinity 
River.  All  of  the  reach  is  partially  protected  by  upstream  reser- 
voirs and  port  of  the  reach  is  further  protected  by  levees  and  a 
rectified  channel.  Most  of  the  reach  is  within  Dallas  County  and 

is  affected  by  the  continued  expansion  of  the  city  of  Dallas  and  its 
satellite  cities.  The  \irban  population  of  Dallas  Coimty  increased 
from  92,100  in  I9IO  to  927,600  in  I96O,  an  average  annual  rate  of 
about  4-3/4  percent.  It  has  been  estimated  that  the  population  will 
continue  to  Increase  to  nearly  5,400,000  by  year  2O7O.  Development 
within  the  flood  plain  nearly  doubled  from  1949  bo  I96O.  Guided  by 
these  factors,  it  is  estimated  that  the  property  within  reach  6 will 
increase  in  value  from  $49,165,000  in  I96O  to  $1,378,800,000  in 
2070  (3-1  percent  average  annual  Increase). 
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c.  West  Fork  of  the  Trinity  River.-  Reach  7 of  the  Trinity 
River  includes  the  West  Fork  of  the  Trinity  River  from  Dallas  throug* 
the  city  of  Fort  Woi-th.  The  area  in  which  it  lies  is  subject  to  the 
urbanizing  influence  of  both  Dallas  and  Fort  Worth  and  is  becoming 

a continuous  urban  development.  Two  smaller  cities,  Arlington  and 
Grand  Prairie,  in  the  area  between  Dallas  and  Fort  Worth  and  contained 
within  the  metropolitarj  ai'eas,  increased  in  population  from  5 >835  in 
19^0  to  75>161  in  i960.  Transportation  facilities  have  been 
enlarged  and  many  industries  have  entered  the  area.  Invasion  of  the 
flood  plain  has  been  increasing.  It  is  estimated  that  value  of 
property  within  the  flood  plain  will  increase  from  $76,219,000  in 
i960  to  $1,1+36,400,000  in  2070  (2.7  percent  average  annual  increase). 

d.  Mountain  Creek.-  Mountain  Creek,  reach  1,  is  tributary 
to  the  West  Fork  of  the  Trinity  River  at  the  upper  limits  of  the 
city  of  Dallas  and  lies  wholly  within  the  metropolitan  areas  of 
Dallas  and  Fort  Worth.  It  is  estimated  that  the  value  of  property 
within  the  flood  plain  of  Mountain  Creek  will  Increase  from  $7,509,000 
in  i960  to  $1+7,500,000  in  207O  (1.7  percent  average  annual  increase). 

e.  Elm  Fork  and  Denton  Creek,  reach  1 ■ - Reach  1 of  Elm 
Fork  of  the  Trinity  River  includes  the  flood  plain  of  Denton  Creek 
below  the  Grapevine  Dam.  This  area  is  protected  from  most  major 
floods  by  the  Grapevine  Reservoir  on  Denton  Creek  and  the  Garza- 
Little  Elm  Reservoir  on  the  Elm  Fork.  Consistent  encroachment  on 
the  flood  plain  due  to  the  i-apid  urbanization  of  the  Dallas  metro- 
politan area  has  been  encouraged  by  the  protection  afforded  by  the 
upstream  reservoirs . Deunage  due  to  flooding  from  the  uncontrolled 
drainage  area  will  increase.  It  is  estimated  that  the  value  of 
property  in  the  flood  plain  will  increase  from  $32,520,000  in  i960 
to  $637,600,000  in  2070  (3.0  percent  average  annual  increase). 

f.  Duck  Creek,  reach  1.-  Reach  1 of  Duck  Creek  is 
principally  within  the  environs  of  the  city  of  Garland,  Texas.  This 
city  of  38,500  people  is  one  of  the  satellite  cities  of  Dallas.  Its 
population  increased  from  80U  in  19IO  to  10,571  In  1950  and  38,501 
in  i960.  This  rapid  increase  has  been  accompanied  by  progressively 
greater  encroachment  on  the  flood  plain  of  Duck  Creek.  The 
possibility  of  future  development  of  the  flood  plain  in  this  reach 
is  limited  by  its  narrowness . It  is  estimated  that  development  will 
increase  the  value  of  property  in  the  flood  plain  from  $7,336,000 

in  i960  to  $29,300,000  in  2070  (I.3  percent  average  annual  increase). 
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19.  SUMMARY  OF  ESTIMATED  FUTURE  DEVELOPMENT.-  The  average 
annual  percent  of  increase  in  development  in  the  flood  plain  is 
estimated  at  2.6  percent  for  the  period  I96O  to  2070.  A.s  pointed 
out  earlier  in  this  appendix,  somewhat  faster  development  is 
expected  to  occur  in  Trinity  River  reaches  1 and  6;  West  Fork, 

Clear  Fork,  and  Elm  Fork  of  the  Trinity  River;  and  Denton  Creek 

than  in  the  average  rate  for  the  totsil  flood  plain.  In  the  remaining 
reaches,  the  development  is  not  expected  to  increase  as  rapidly  as 
that  of  the  total  flood  plain.  Table  5 shows  the  estimated  value  of 
physical  property  in  the  flood  plain  for  I96O,  1910,  2020,  and  207O. 
Also,  the  average  annual  percent  of  increase  from  I96O  to  2070  is 
shown  for  each  reach. 

20.  BENEFITS  DUE  TO  PREVENTION  OF  FLOOD  DAMAGES.-  The  average 
arjaual  damages  due  to  flooding  were  computed  using  the  procedures 
outlined  in  paragraph  14  of  this  appendix.  The  computations  were 
first  based  on  "existing"  conditions,  reflecting  the  protection 
afforded  by  the  flood  control  storage  in  Benbrook,  Grapevine,  Garza- 
Little  Elm,  Lavon,  Navarro  Mills,  and  Bardwell  reservoirs  and  all 
existing,  authorized,  and  previously  recommended  local  protection 
projects  under  I96O  conditions  of  flood  plain  development.  The 
results  represent  the  residual  average  annual  damages  under  condi- 
tions of  modification  by  the  existing  flood  control  improvements. 
Similar  computations  were  made  based  on  the  modified  conditions 
which  will  exist  after  completion  of  the  proposed  plan  of  improvement 
The  difference  between  the  two  answers  gives  the  average  annual 
benefits.  Table  6 gives  the  average  annual  damages  under  existing 
and  modified  conditions  and  the  resulting  benefits  based  on  I96O 
conditions  of  flood  plain  development . 
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TABI£  6 


FLOOD  DAMAGE  PREVENTION  BENEFITS 
i960  ECONOMIC  DEVELOPMENT 


: : Average  annual  damage 

Benefits  due  to 

Stream 

: Reach  : Exlstlng(lhModlfled(2} 

prevention 
of  damages 

Trinity  River 

1 

$322, UOO 

$600 

$321,800 

2 

130,500 

5,400 

125,100 

3 

999,300 

18,400 

980,900 

h 

193,200 

105,800 

87,400 

5 

120,000 

47,800 

72,200 

6 

207,200 

35,400 

171,800 

West  Fork  and 
Clear  Fork 

7 

88,200 

13,900 

74,300 

Elm  Fork -Denton 
Creek 

1 

114,800 

7,500 

107,300 

Mountain  Creek 

1 

39,500 

1,900 

37,600 

Duck  Creek 

1 

118,100 

0 

118,100 

Total 

2,333.200 

236,700 

2,096,500 

(1)  Flood  control  existing  In  i960  plus 
Bardwell  Reservoir,  and  previously 

Navarro  Mills  Reservoir, 
recommended  improvements . 

(2)  Existing  plus  proposed  plan  of  Improvement. 
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21.  The  benefits  thus  computed  for  the  Trinity  River  reaches  2, 
3,  and  5 were  converted  to  the  average  annual  benfflts  for  the 
lCX)-year  period  from  1970  to  2070  by  applying  the  development  factors 
for  the  reaches  and  the  appropriate  annual  equivalent  factors  at  2 7/8 
percent  interest.  For  the  other  reaches  considered,  where  the  flood 
plain  has  a high  potential  for  development  even  though  the  present 
development  is  not  expensive,  a thorough  study  of  the  flood  plain 

was  made  to  determine  the  areas  that  were  likely  to  be  developed 
by  the  year  2070  even  though  additional  water  resource  Improvements 
were  not  provided.  A field  reconnaissance  of  these  areas  was  made 
to  determine  the  type  of  improvement  most  likely  to  be  constructed 
in  the  flood  plain.  These  improvements  wc^e  then  assumed  to  be  in 
place,  and  hypothetical  discharge-damage  curves  '..’ere  constructed 
based  on  estimated  2070  development.  The  discharge -dama.ge  curve 
thus  obtained  was  then  applied  to  the  pertinent  discharge-frequency 
curve  and  a damage -frequency  curve  wels  constructed.  From  this 
curve  the  average-  annual  damages,  based  on  2070  conditions  of  develop- 
ment, -ere  determined.  Using  the  average  annual  damages  under  I96O 
cor.dli  ions  as  the  base,  .and  the  average  annual  damages  under  2070 
conditions  as  the  ultimate,  the  equivalent  average  annual  damages 
for  the  period  1970-2070  were  determined. 

22.  BENEFITS  F(»  INCREASED  UTILIZATICW  OF  DOWNSTREAM  LANDS. - 
It  le  believed  that  about  82,700  acres  of  land  In  the  flood  plain 
below  the  proposed  Tennessee  Colony  Dam  site  will  be  improved  and 
converted  to  higher  order  of  use  as  the  result  of  prevention  of 
flooding  by  the  multiple  purpose  channel  under  consideration. 

Studies  have  disclosed  that  the  Increase  in  value  of  these  lands, 
attributable  to  the  prevention  of  flooding,  will  average  about  $1CX) 
per  acre.  Tills  Increase  in  value  when  capltsLllzed  at  k percent, 
therefore,  amounts  to  $330,800  in  annual  benefits  for  Increased 
utilization  of  lands.  The  benefits  from  Increased  land  utilization 
were  assigned  to  areas  exclusive  of  those  on  which  prevention  of 
damages  was  estimated,  and  also  exclusive  of  any  land  necessary  for 
rights-of-way  for  the  proposed  improvements. 

23.  FLOOD  COIfTROL  BENEFITS.-  In  the  benefit  evaluation  used 
in  project  formulation  in  connection  with  this  report,  only  those 
flood-control  benefits  were  estimated  which  resulted  from  reducing 
the  remaining  residual  damages  with  all  the  existing,  authorized, 
and  previously  recommended  projects  in  the  Trinity  River  Basin  in 
operation,  plus  the  benefits  assigned  for  increased  net  return  from 
Increased  utilization  of  downstream  lands.  On  this  basis,  each  of 
the  recommended  projects  shows  benefits  in  excess  of  costs , and 
will  share  equitably  in  the  total  system  benefits  that  will  be 
produced  along  the  Trinity  River  and  tributaries  by  the  recommended 
pleui  of  development.  The  fair  share  benefits  for  each  project  in 
the  recommended  plan  are  set  forth  below s 
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a.  Reservoirs 15ie  average  annual  flood-control 
benefits  i?jJ8lgnable  on  a fair  share  basis  to  each  of  the  two 
reservoir  projects  Included  In  the  recommended  plan  of  Improvement 
are  shown  In  the  following  tabiilatlon.  These  benefits  are  based 
only  on  prevention  of  flood  damages: 

Project  Flood-control  benefits 

Lakevlew  Reservoir  $1,391,000 

Tennessee  Colony  Reservoir  3,2j3,000 

b.  Loced  protection  units.-  The  average  annual  flood- 
control  benefits  assignable  on  a fair  share  basis  to  the  local 
protection  units  Included  In  the  recommended  plan  of  Improvement 
are  shown  In  the  following  tabulation.  The  benefits  shown  for  the 
Dallas  Floodway  Extension  and  the  West  Fork  Floodway  do  not  Include 
an  allowance  for  deunages  prevented  by  the  multiple -purpose  channel 
through  those  floodways  since  these  damsiges  prevented  have  been 
Included  with  those  for  the  multiple -p\irpose  channel  as  shown  In 


the  following  subparagraph.  The 
prevention  of  flood  damages: 

benefits  are  baaed  only  on 

Project 

Flood-control  benefits 

Dallas  Floodway  Extension 

$685,000 

West  Fork  Floodway 

2,359,^00 

Elm  Fork  Floodway 

1,866,700 

Duck  Creek  Channel 

22k, kOO 

Liberty  Levee 

2h0,900 

c.  Multiple -purpose  channel.-  The  average  annual  flood 
control  benefits  assignable  on  a fair  share  basis  to  the  multiple- 
purpose  channel,  as  included  in  the  recommended  plan  of  improvement, 
are  estimated  at  $1^,695,600  This  estimate  Includes  benefits  of 
$233,500  for  the  chfiinnel  through  the  Dallas  Floodway  Extension  and 
$^kh,200  for  the  channel  through  the  West  Fork  Floodway.  These 
benefits  are  based  on  prevention  of  flood  damages  only,  except  on 
the  portion  below  Tennessee  Colony  Reservoir  which  includes  eui 
estimate  for  increased  utilization  of  downstream  lands  In  the 
amount  of  $330,800* 


2k.  SUMMARY.-  The  total  f lood-control  benefits  which  would 
accrue  to  the  various  Improvements  recommended  in  this  report  have 
been  summarized  In  table  ?•  This  table  shows  the  average  annual 
damages  under  existing  and  modified  conditions  based  on  projected 
1970-2070  conditions  of  flood  plain  development  and  the  resulting 
benefits  that  accrue  to  the  various  projects  in  the  plan  of  improve- 
ment . These  benefits  are  based  on  January  I962  prices . The 
benefits  are  based  on  each  project  functioning  as  an  integral  unit 
of  the  plan  of  improvement  in  the  Trinity  River  Basin,  and  each 
project  has  been  credited  with  an  equitable  share  of  the  benefits  it 
will  produce  along  the  Trinity  River  in  conjunction  with  other  units 
of  the  plan. 

25.  The  data  contained  in  table  7 and.  shown  graphically  in 
figure  6 indicate  that  the  recommended  improvements  will  prevent  93 
percent  of  the  flood  problem  under  existing  and  projected  conditions 
of  development.  Most  of  the  residual  damages  are  along  the  main 
stem  of  the  Trinity  River  between  the  Dallas  Floodway  Extension  and 
Tennessee  Colony  Reservoir  and  are  based  almost  entirely  on  antici- 
pated future  development.  The  prevention  of  these  residual  damages 
is  not  economically  feeisible  at  the  present  time,  but  it  is  possible 
that  the  future  development  in  this  area  may  be  such  that  additional 
control  will  be  Justified  at  a later  date. 
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(2)  Ejt^lude*  |9*»^»20C  beoeflts  loclu(Jed  In  lauitlple-purpoee  channel. 
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